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Studies of hairiness, or medulJation, have always had a prominent place 
in New Zealand wool-research programmes. The development by Elphick 
(1932) and later by McMahon (1937) of a rapid and accurate means for 
assessing the amount of medulla in wool led to the formation by Waters 
(1935) of an official fleece testing and recording organiafatiou at the 
Massey Agricultural College to assist breeders in grading and culling their 
flocks. Despite the attention given to hairiness by wool -producers and 
by certain sections of the Bradford trade (Sidey, 1931), however, there 
is little factual information on record as to its real significauce to the 
textile industry, especially when the medullsi is only present in small 
quantities, is fine in relation to the diameter of the fibre, or occupies only 
a small proportion of its length. Lang (1942), in work just published, 
has reviewed comprehensively what little has been written on the 
occurrence and the significance of hairy fibres in wool. He points out that 
/‘the wool buyer, appraiser, and classer appear to be quite capable of 
detecting the coarser hair fibres and sometimes of the finer hairs/’ and 
that “ 3 per cent, of coarse hair causes the appraiser to regard a oB’s with 
suspicion.” In the case of the stronger types of crossbred wool (40’s to 
bO’s), which constitute the major part of New Zealand’s clip, on the other 
hand, rather different results were obtained when samples* differing in 
hairiness were submitted, by courtesy of the New Zealand Department of 
Agriculture, to a committee of wool-appraisers (Table I). Although the 
presence of hairy fibres was noted by the a})prai8ers in vsarii])les relatively 
free from medulla, no price discrepancy was made until the amount 
present had reached a fairly high level. Similar samples, when submitted 
to competent authorities in wool-manufacturing circles, elicited the general 
comment that in large quantities the wools represented by the 18-29 groups 
would not be included in the same grade as the rest, because they were 
appreciably more hairy. A minority also included the 13-18 group as 


Table T 


Eqvd valent CcrceuUge of 
Coarse, Hairy Fibre. 

: Count.* 

1 

' Appralaer'a 

(trading. 

0-2 

60 

A 

2-4 

48/60 

A 

4-C 

48/50 

A 

0-8 1 

48 

A 

8-13 

48 

A 

13-18 

40/48 

' A 

18-29 

46 

A 

29-39 

44/46 

BB 


♦ These samples wefe selected, In the first instancKj. without reference to count. The results clearly 
show that it Is easier to obtain lar^e amounts of meclullu In coarser wools, but the correlation is not 
OufAclently high to iutterfere with the selection of both fine wools of liigh medullatlou aufl coarse wools 
ftreC ftiom the defect. 

inferior, but it was usually agreed that in small quantities the 18-29 and 
even the 29-39 groups could be included for most classes of work. It 
seems apparent that, while a small amount of hair eta have an appreciable 
/effeqt on fabrics* made from finer types of wool, the rougher cloths for 
wiM^/our stronger types of crossbred wool (40’8 to 50*8) are suitable do 
not frpm the admixture of relatively large amounts of hair. Handle 
and «rt;yk ^ a larger part in determining the Yalue of finely-^^^ 
materials; ^ fabrics are generally required more for service and ; 
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Opinions such as these, however, cannot be accepted as final without 
more objective tests of the behaviour of hairy wool during manufacture. 
The present investigation was undertaken because of the prominence that 
this characteristic of wool commands both in New Zealand and abroad, 
especially among sheepmen, and also because of the lack of real information 
about the level at which the defect becomes serious. 

It is intended that the trial should be regarded as a preliminary study 
, for the solution of two questions : Firstly, what influence have hairy fibres 
on the processes of wool-manufacture and on the finished fabric ; and, 
secondly, are there any differences either in the processing or in the 
finished fabrics which cannot be accounted for solely by the hairy fibres ? 
That is, are there any differences between the pure wool fibres growing 
on hairy and non-hairy animals when the fleeces are comparable in length 
and fineness ? The present paper reports the selection and analysis of two 
lots of wool, A and B, apparently differing only in hairiness ; the 
comparison of the conversion of these two lots^>f wool into fabrics under 
conditions as nearly identical as possible ; and, finally, the examinatioiv 
of the finished materials for differences of practical or commercial 
significance. 

In addition to findings on these subjects, the writers consider the 
present investigation to be important in demonstrating the unique 
opportunities available in New Zealand for the collaboration of research 
workers in wool-production and wool-manufacture. Thus, while the 
farmer for his part Is anxious to take every opportunity for improving his 
product, the New Zealand wool-manufacturers are also intimately 
interested in sheep-farming not only l)ecause of closer personal ties between 
our urban and our rural populations, but because their activity is 
dependent in large measure upon the prosperity of the sheep-farmer. The 
facilities, too, for this type of investigation are excellent. On the animal 
side, greasy wool of known history is readily available for most classes 
of manutacture or, through our production research organizations, can 
even be specially grown for the work. On the manufacturing side, one 
special advantage offered by the industry in this country for such work 
is its organization in vertical units, especially when, as in the present case, 
the mill is fitted out with modern plant. In the y>resent trial, two lots of 
wool were selected from a flock of stud sheep which has been under 
scientific observation for a number of years, and converted from raw 
material to finished fabric in one mill under test conditions with relatively 
little interference with production. 

It is important to realize that the results have been achieved without 
it being necessary for the production research organization to own the 
sheep or for the textile research institution to jjossess elaborate industrial 
plant. In this trial, perhaps for the first time in the history of the wool 
industry, the close and friendly co-operation of both sheep-farmer and 
wopl-manufacturer has been generously given, and it is to be hoped that 
these special conditions will be utilized for similar work in the future. 

Because of certain abnormal conditions arising out of the war it has 
been necessary, unfortunately, to terminate this investigation hurriedly. 
This has meant that some of the finer points which niiight profitably have 
dealt with in the report have had to be omitted. Despite this, it 
is t^iought t recording pf the results and notes on this work will prove 

of interest to some workers on both wool production and manufacturing 
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Kaw Greasy Wool 
Selection 

It was clear that the difference in hairiness aimed at in choosing the two 
lots of raw niaterials must not be such as to place the wools into different 
categories of manufacture, while too small a difference could hardly be 
iixpected to hav(‘ effects of commercial significance. The results of sub- 
mitting samples with varying degrees of hairiness to experienced woolmen 
suggested that a diffWence of the order of 15 per cent, of coarse, hairy fibre 
would not be too great in the stronger types of crossbred wool, but inspection 
of fleece-testing records accumulated at the Massey Agricultural College 
soon showed that it would be impossible to accumulate large batches of wool 
with as large a difference as this if (juality w’ere to be maintained and 
unevenness in fibre diameter and length avoided. The latter requirement 


as 



Fig. L— Fleece area selected for 
incliision in test lots. 


made it desiral)[e to use wool from stud sheep, while to secure an appreciable 
difference in average hairiness between the two batches it became necessary 
to concentrate on wool from the hind quarters and britch (Fig. 1). In this 
way it was hoped to procure one line of hind-(]uarters wool substantially 
free from hair, and a similar Jine having medullation equivalent to 8 per cent, 
to 10 per c(‘nt. of coarse, hairy fibre. Hogget wool was chosen as the most 
suitable raw matcTial for the test, because of its fineness. If wool from the 
ewe flock were used^ the amount of hairy fibre would be less, while the 
lower quality, in terms both of fineness and variability in character and 
length, would limit the range of cloths for which such raw materials could 
normally be used. Moreover, in fabrics made from coarser wool a small 
amount of hair wouki be less apparent, so that the sensitivity of the 
experiment as well would be appreciably reduced. 
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The wool fumlly selected for the test was classed as 48/50\s (N*Z,) and 
was extracted from the fleeces of selected stud Romney ewe lio^gets of the 
dock of Messrs. H. and M. Voss, of Karere. The hoggets were not shorn 
as lambs. The Voss flock is well known for the high standard of its wool, 
which has taken prizes in local and international conipetitions foi‘ Romney 
wool, (rood environmental conditions of soil and pasture ejisured that 
the wool was well grown, while the large number of stud shee}i carried 
gave, good scojje for selection. The read\' co-oianation offered l)V Messrs. 
H. and M . Voss witli any scheme of research, and tin* close proximity to 
Mass(‘v Agricultural College, made this flock a very satisbictory source of 
material. The wool eharacteri.stics of each sheep of the flock for count, 
length, character, and niedullation hfidj)een examined and recorded periodi- 
cally ov<>r a numbei' of years by the staff at Massey College. From each of 
the s(‘lected animals which were classed within certain gradings of hairiness, 
2| lb. to 3 lb. of britch and hind-quarter wool were taken after the fleece 
had been skirted in the iu»rmal mann(*r and before th(‘ wool was rolled. To 
make sure tliat the slight eorr<*lation existing in the fleeces lietween hairiness 
and low count did not int(*rfere with tin* two lots for the test, a fleece sample 
was not consigned to either test lot until a sample for the other lot of corre- 
sponding tineuess was foiiiid. This meant that a few of the finer samples 
from the line free from liair, and a f(*w of the. str£>nger samples from the hairy 
line, had to l)e discarded from the tests. The s(‘rvices of thr(‘e wool-classers 
w(M.e used for thivS piece of work, as a result of which two very uniform lots 
of wool, A and B, each of 2(.X) Ib., wen* accumulated from the one shearing 
of the fl(K*k, 

Unfortunately, the diffenmce in degree of hairim^ss between the two 
test lots has pnn ed to lx* rather smaller than was lioped for, de.spite the 
selection of britch and hind-quarter wool only. While this is disa|>pointing, 
for it r(‘duces the value of the test to the manufacturer, it must be reassuring 
to the N(*w Zealand Romney breeder to know that, even when the worst 
portions of tlie skirted fle<Hie were deliberately .S(*l(‘cted, the amount of hair 
jireseiit was negligil.>h‘ in a. flock not greatl\' su[)erior in hairiness to the 
standard set by all stud Romney shee|.^ in the country. This statement 
acquires all the more force when it i.s realized that unshorn hoggets were 
used, and that the mob had not been culled, but contained siibstantially 
all the ewe, lambs bred in the previous season. Neverthel(*ss, there was a* 
•clearly-visible distinction liotween tin* tw'o lots, and the difference was 
comparable with the variations to which attention has been drawn under 
the official fleece-testing scheme instituted at the Massey Agricultural College. 

Some of the wool which had finally to be discarded from the two test 
batches differed only slightly from the main lots, and wa.s suitable for 
collection into two small batches which served as ])ilot lots f(,)r the scouring 
and carding processes. 

A dialysis * 

Three representative staples from each sample put into the A and B 
test batches were extracted and bulked for hairiness, fibre length, and fineness 
determinations. These were degreased in warm benzene, and then, by 
repetition of a gentle hand drawing and doubling process, converted into 
slivers without fibre breakage being incurred. From the two slivers worsted 
draw samples were prepared for the hairiness estimations, transverse cuts 
of 2 inm. length were made for fineness measurement, and tong samples 
(Tpwnend, 1938) taken for the determination of mean fibre length. 
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For hairiness estimation the photo-electric method develo])ed by McMahon 
(1937) for routine tests was used on the samples. The instrument consists 
essentially of a system of illumination for the wool, lying immersed in a 
tray filled with benzene, and a simple optical arrangement which produces 
an image of the teased-out sample on the light-sensitive surface of a “ blocking 
layer ’’ photo cell. A small current is generated, and produces a deflection 
on a sensitive galvanometer. The instrument is standardized between 
readings against a, grey enamel plate lying directly under the tray, and 
exposed to the lamps and cell when the tray is withdrawn to change the 
sample. 

The degree of hairiness is read in centimeters on the galvanometer scale 
and, from the weight of the sample at 65 per cent, relative humidity, the 
deflection per gram of wool is calculated. An initial zero reading of 2 cfi.* 
per gram is obtaiiuid on wool free from hair, and a reading of KX) cm. per 
gram corresponds to a sample of total hair. For samples such as those under 
consideration it can be assumed that the deflection ]:)er gram minus 2*() is 
approximately equivalent to a percentage of coarse, hairy fibre which would 
have the same proportion, by volume, of medulla as the sam})le. All types 
of medulla — coarse and flne ; continuous and discontinuous — are integrated 
and expressed in this one figure. 

For fibre- fineness analysis the sampling and mounting method described 
by Stan bury and Daniels (1937) was adopted, using a Doehner lana meter 
of early design. Four separate slides^were prepared from each of the two 
test lots, and five hundred fibres measured from each slide. 


Table 11,- -Hairiness 


A. 

B. 

Huinple. 

Defier tkm, iier 
Gram (rra.). 

Sample. 

Deflection, per 
Gram (cm.). 

F 

3*3 

1 

71 

2 

3-3 

2 

71 

3 

31 

3 

8-2 

4 

2'9 

4 

S-7 

Mean . . 

3-2 

Mean 

7-8 

Percentage hairinesH* 

1-2 

Percentage hairiness^ ; 

6*8 


♦ percciitautt of coar-se, hairy fibre having the same proportion, by volume, of medulla. 


For fibre-length determination six length biased samples extracted by 
the tong method were measured for each test lot, an average sample 
containing about one hundred and seventy fibres. 

A summary of the results of the hairiness, fibre-fineness, and fibre-length 
determinations on the raw greasy wool are given in Tables 11; III, and IV. 

♦ In practice the readings for zero meduUation fluctuate from about 1*9 cm./g. to 
about 2*3 cm./g., depending on the type of wool and the way it has been treated. 
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Table III. — ^^Fibre Fineness 




A. 


JL 



Meati 

standard 



Mean 

St aiuiard 


Sample. 

Diameter. 

Deviation. 


Samtde. 

Diameter. 

Deviation. 



(m). 

(e)- 


(/-). 

(s). 

1 


34-3 

- 8*5 

1 


; 

.33*1 i 

1 9*2 

2 


32 5 

8*1 

2 


33*8 t 

9*7 

:i 


33-7 

10-7 

3 


33-5 1 

8-5 

4 


33 ‘8 

9*1 

4 


32*8 

7*9 


(Iraiitl mean 

33f» 9-2* 


Grand mean 

33*3 

; 

8*8* 


Standard 

0*20 



S t a n <1 a r d 

0*20 



error 




error 





« 

K.M.S. of standard deviations. 





1 

ABLE IV.— 1 

'IBRE I^ENOTH 





A. 




D. 




Mean 

Standard 



1 

; Mean i 

Statidanljflk 


Sam 1 lie. 

l>njrtli 

Deviation 


Sam})le. 

Lenffth. 

Deviatiorrii 




(nil.). 



j (em.-). i 

{(•ni.). 

1 


22 -O"! 1 


1 


20 1 


2 

!! !! i 

23- i ; 


2 


217 S ' 

:;::i>-9 

3 

. . . . i 

1>3-4J 1 


3 

. . 

22*4) * 


4 

1 

■ - 1 

23‘0‘") 1 

i 

4 


23*4- 


5 

1 

23-1 V i 

do 

5 


20-2 s : 

5*7 

a 

, . j 

22-7 j ; 


0 


21 *5 J 



Grand mean J 

22 ' 9 ! 

5-7* i 


Grand mean 

21-5 

.5*8* 


S t a n d a r d | 

0*2 

i 


S t a n d a r d 

0-5 



error j 


i 


error 




* H.M.S, of rttamlanl deviations. 


Statistical examination of the • fineness results does not reveal any 
significant difference between A and B. The small differtMict' in fibre length 
is just significant, A wool being slightly longer than B. 

Processing 
Outline of Mill Trial 

The quality of the wool severely limited the choice of febrics which 
could be made ; a finer wool would have offt^red a number of advantages 
and would have been of more practical interest to the New Zealand textile 
industry, After c?onsultations with a number of people in the industry 
it was decided to make from each batch of wool a 2/2 twill navy-blue serge 
with a 2/26^8 warp and a 1/13's weft, it being considered that this would 
be a useful fabric, and that the making of it would ])rovide a worth-while 
comparison of the properties of the two wools. It was also decided to make 
a small quantity of the wools into a 2/26’s hosiery Viirn and to have this 
made up into men*s vest material. 
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Throughout the processing every endeavour was made to keep conditions . 
as identical as possible for the two lots. Lot B followed immediately after 
Lot A on the same machines, apart from the piece scouring and dyeing, 
where they were handled together. 

By means of humidification equipment it was possible to avoid large 
fluctuations in humidity during the < carding, combing, drawing, and 
spinning. The average relative humidity and temperature were about 
57 per cent, and 68^ F. respectively. The humidity did not exceed 60 per 
cent., and was rarely, and then only for very short intervals, below 54 per 
cent. Wherever differences in processing properties could be expected, 
all relevant data were recorded. 

Scouring 

The wool was scoured in a three-bowl set and dried in a double-tier 
dryer. After the bowls had been made up with fresh liquors, 5(X) lb. of a 
good crossbred wool were passed through in order to get the baths in a 
satisfactory scouring condition. Before batch A was passed through the 
bowls, a pilot lot of about 501b. of closely-similar wool was scoured in 
order that any bits of wool remaining in the bowls or dryer from previous 
scourings might be picked up ; similarly, a pilot . lot preceded batch B, 
which was scoured immediately afterwards. 

The scouring-bowl temperatures were 127'^ F., 123® F., and 110® F. 
Ijl^pectively, and the approximate liquor concentrations were 0*2 per cent. 
Sap and 0*1 per cent, soda in the first bowl, less than 0*05 per cent, soap 
and 0*05 per cent, soda in the second bowl, and the third bowl was a rinse 
bath. Excessive temperature in the dryer was avoided. After batch A 
had been scoured, small additions of soap and soda were added to the first 
bath. The yields from the two batches were closely similar and averaged 
65 per cent, as calculated on the weights of the wool as they left the dryer. 

Carding^ Backwashing^ and Combing 

In emulsion form, 0*6 per cent, of Vacuum emulsion oil No. 1 was spread 
on the tw’o batches and on the two pilot lots of scoured wool. This same 
emulsion was also used at later stages in the processing. 

Prior to carding, the ’ machine, a 1937 Haigh’s crossbred card, was 
fettled and cleaned down. The pilot lot A was passed through, and the 
machine then again rubbed down and the floor swept before carding batch 
A, After the batch the card w^as fettled and the fettlings, sweepings, and 
burr beatings collected and -weighed separately. A similar procedure was 
followed for batch B. The pilot lots were dispensed with at the card-sliver 
stage. The average carding output was 65 lb. to 70 lb. per hour, and in 
both cases a good clean sliver was produced. This was achieved despite 
the fact that the wool was a preparing and not a carding wool. The 
tendency of the feed rollers to choke due to the long wool limited the rate 
of feed. 

All the machinery used after the card in the production of the singles and 
twisted yarn comprised a crossbred set manufactured by Prince, Smith, 
and Stelk, Ltd. (1937). 

The card sliver was backwashed in a two-bowl machine with average 
liquor temperatures of 115® F. and a drying temperature of 170® F. A 
0-2 per cent, soap liquor was used in the first bowl and rinsing- water in the 
second, the bowls being made up fresh for each batch. The estimated 
amount of oil added after the dryer and prior to the backwash gill was 
only 0*3 pef cent. 
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The slivers from the backwash gill were passed through one strong box 
and on to the punch box, whe?c 6 lb. balls were made. In the combing, 
the feed knives were adjusted by hand, care being taken to record, the 
settings and times, so as to make the same adjustments for the second 
batch. At the first finishing gill about 0*2 per cent, of oil was added to the 
combed sliver. From the second finishing gill a standard toj) sliver of 
372 dr. per 40 yards* was delivered, the balls weighing 8| lb. 

Drawing! ami Spinning 

After ten months’ storage the tops were spun into 2, 2b’s warp yarn, 
1/13’s weft yarn, and 2/26’s hosiery yarn. The theoretical drafting data 
on which the actual drafts were based are given in Table V. A 6-3 dr. roving 
was made for the ivarp and hosiery yarn and an 8*3 dr. roving for the weft 
yarn. 

Table V. — Draktino Data 



WeiKht ol Sllvw ftHl 


. 

Operation. 

to Marhine 
(dr./40 yd.). 

Xuiiiher of Kiuls up. 

Draft . 

Cm gill 

372 


0-75 

Two-spiiRlle gill 

275 

G 

G-75 

First dm wing , , . . ' 

244 

(> 

8-5 

Wciglt box 

172 


9 0 

First finisher 

115 


i 9*5 

tSecond finisher 

i 73 

3 

! 10-0 

Reducer 

22 

i 3 

1 10-2 

iSpinning 1 , 2frs 

1 f) • 0 

1 ^ ' 


First finisher 

; HI 

G 

9*0 

Second finisher . . 

74 

3 

9-0 

Reducer 

25 


9-0. 

spinning I/DVh 

I 8-3 

1 ! 

1 i 



Each machine was rubbed down prior to a batch going on, and after 
it had passed through ; the fly and roller waste were collected. 

About 0*3 per cent, of oil in emulsion form was ad(1iH to the slivers behind 
the can gill. 

In thtj spinning, the weft w'as spun on one side of a 180 spindle ring frame, 
while the hosiery yarn, followed by the warp yarn, was spun on the other. 
For both the hosiery and the warp yarn a number of ends-dowm tests for 
different periods were carried out. In sampling the yarns from the various 
batches for test requirements, bobbins from the same spindles were selected. 

Weaving and Knitting 

After twTsting and winding and the usual operations for preparing the 
warp, the yarns were woven into two piec-es on a Northrop automatic loom. 
A 15/16 02 . cloth was specifled 56 in. wide, with a sett 24/4 (approximately 
53 threads per inch) and 52 picks per inch. About 72 yards were w^oven 
from each batch of yarn. A record was kept of the warp breakage^, and also 
data were collected of the amount of darning the two pieces required. 

The A and B lots of hosiery yarn were each divided into two portions, 
a portion of A and one of B were knitted up and the fabrics finished by one 
firm, and the remainder by another. In each case a portion of the knitted 
fabric was left in the greasy state, some was scoured only, and the rest was 
made into finished garments* 
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Fiexie Scouring 

The two pieces of woven fabric were scoured together in a piece-scouring 
machine, three scours being given, each in about 50 to 60 gallons of liquor. 
Brief scouring data are given in Table VI. After the warm rinse the pieces 
were cooled off and ’whizzed. 


TaBLK VI. — ^^I^IEOK ScovrjtiNG 


Strour. 

! Bath Streujrth. 

t I 

Average Temp. CV'). 

• 

1 Time (Miautes). 

1 

0 • 1 per cent, ammonia 

104 

0 

2 

0 4 pt^r cent, soap .. i 

105 i 

13 

3 

h ‘ 2 per cent, soap 

105 

5 

Rinse 


110 

20 


Dyeing and Finisir’mg 

The two scoured pieces were each cut into three equal lengths, each third 
of A being stitched to a third of B. The three composite lengths were dyed 
* in three separate dye baths according to the following dyeing forinulsp : — 

f 10 per cent. Glaubers. 

I 3 per cent, sulphpric a(‘id. 

5 per cent, erio navy blue AX. 

I Brought to the boil in about | hour and kept 
[ at the boil for 1 hour 20 minutes. 

f 3 per cent, metachrorne. 

J 4 per «ent. coomassie navy blue 2RX8. 

] Brought to the boil in about | hour and kept 
at the boil for 1 ^hour 45 minutes. 

f 10 per cent. Glaubers. 

J 4 per cent, coomassie navy blue 2RNS. 

I Brought to the boil in about f hour and kept 
at the boil for 1 hour 45 minutes. 

After the pieces hfll been dyed, whizzed, tentered, and conditioned over- 
night, they were burled, brushed on the back, cropped and brushed on the 
face, Bailey blown, hydraulic pressed overnight, and then blown a second 
time. 

The comparison of the effect of the different dyeings on the physical 
properties of the fabric is discussed on page 19. 

Results and Discussion 
• Carding and Combing 

There were no marked differences detected between the carding per- 
formances of the two wools. The slight difference in degree of hairiness was 
evident between the slivers. The fettlings from the two lots and the sweepings 
from under the card as shown in Table VII were very similar in composition 
and weiglft, though after examination of the sweepings on the velvet board 
a marked difference was noticed between the bits left on the board when the 
bulk had been removed, B sweepings leaving behind far more short pieces 
of hair than A. A difference in hairiness was very evident between the burr 
beatings, but the larger quantity collected from lot A is dilBcult to account 
:fbr. ■ 


Dyeing 1 


Dyeing 2 . , 


Dyeing 3 . , 
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Table VII. — SooimiNa, Oabding, and CoMBiNa 



Weights. 

Material. 

A. B. 


Greasy wool 

lb. oz, 
198 0 

• lb. oz. 
203 0 

Scoured wool 

128 0 

133 0 

Fettlings (from dryer) 

9 3 

8 8 - 

Sweepings 

5 5 

' t> 4 

Burr beatings . . . . . . 1 

0 6 

0 IJ 

Top .. 

113 6 

119 8 

Noil 

4 14 

6 0 

Tear . . ... 

23-3 

23-9 


No differences were obstirved in the processing of the two lots either on 
the comb or on the finishing gills. Results of the fibre-length analyses of 
the tops reveal no significant difference between them, as shown in Table VIIL 


Table VIH. — ^Fimre Lenote of Tor 


A. 

B. 


Mean 


.standard 

- 

Mean 

I .standard 

ftai»i,)le. 

lieugth 


Deviation 

Samjde. 

Length 

1 Deviation 


(cm.). 


(cm.). 1 


(cm.). 

1 (cm.). 

I 

1 

15- 1 

1 


1 .. 

14-4 

1. 

2 

DM 

1 

^ 71 

*2 

14-7 

^ 7*1 

3 

14-4 

J 


3 .. 

15-7 

\ 

J 

4 

191 


1 

4 .. 

15*7" 

1 

5 

10*2 


i- 7-4 

1 6 . . 

1()'3 

7-4 

6 .. ... 

10-9 

J 


0 .. 

181 

J 

Grand mean 

l(V3 


Grand mean 

15‘S 


Standard 

0-7 



Standard ; 

00 


error 




error 




The length of the noils compared very closely, the mean lengths of true 
samples (as distinct from the length-biased samples taken from the raw 
greasy wool and top) being 3-0 cm. and 2-8 cm. for A and B respectively. 
For these measurements, fibres below 1 cm. in length in the samples, which 
were approximately 10 per cent.* of the total number of fibres for each lot, 
were not included. 

By conversion of the 'length frequencies of the true samples of the noil 
to those of length-biased samples, as explained in a previous paper (Townend, 
1938), composite curves for the frequency distribution of the combined top 
and noil could be drawn. These curves are plotted and compared with those 
for the raw greasy wools in Fig. 2 in order to show the extent of the fibre' 
breakage in the conyersion of the wool to top. The degree and type of 
damage the two wools si:^ered are shown to be closely similar. 
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Representative samples in duplicate were taken from top and noil of 
both A and B lots and measured for hairiness in an endeavour to find if there 
was any evidence of the hairy fibres having suifered more breakage than the 
wool fibres. It is considered that the differences betwetm the mean results 
of the tops and their respective noils are not large (mough to warrant any 
comment (Table IX). 

Table IX. — Hairiness 


i 

A*: 

IJ: 

*0 1 


Deftectioii, 

Ofiinplc* 

per Gram 

per Gram 


(em.). 

(em.). 

Top 

! 2-6 ! 

(v2 

Noil . . 

j 

* 3*r) 

1 (i'S 

1 


Drawing and Spinning 

Through the drawing, both wools processed equally satisfactorily. There 
did not a})pear to b(' any specially-large difftM-(MH‘(‘s in the hair content of 
the fly and roller waste collected frony the various lioxes for the two batches, 
in all cascvs the quantity of waste was small, as indicated in Table X. While 
the weights given must be regarded as v<‘ry approximate, the general indicai- 
tion is that B lot made slightly more fly and roller waste than A. 


Table X. — Fly and Rollek Waste 



A I 

(«.). j 

li 

(yr.). 

Spindle gill . . . . , . j 

•1 

5 

Weigh box . . . . . . 

4 1 

4 

First finisher . . . , . . 1 

^ 1 

11 

Second finisher . . . . . . i 

i;i i 

25 

Reducer . . . . . . 

10 !' 

24 

Spinning — 

i 


Weft' .. ., .. i 

2S I 

IS 

W^«rp . . - . . . 1 

lo i 

:io 

Hosic'ry . . . . . . 

1 

s 


For the spinning trials, a summary of wliiclr is given in Table XI, the 
hosiery and warp yarns were concentrated upon. It was found that l/2fl’s 
counts was near the spinning limit of the roving, which made it unnecessary 
to spin, as was originally intended, a fine count solely for the purpose of an 
ends-down test. In recording ends down, oidy those were counted where 
the breakage was due to a weak place — a numbi^r of ends broke due to suarliug, 
and others were accidentally knocked down during piecening. The results 
show a slight and yet consistent difference in favour of the A yarns. Results 
of tests on yarn from bobbins taken to represent the differmit spins (see 
Tables XII and XIII) suggest that wdth both the warp and hosiery yarns 
the mean counts of the A yarns were slightly heavier than those of the B. 
If this wfere so, the small difference could possilily account for the slightly 
better >pms of the A yarns. 
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Table XT, — Spinning Trials 


Yarn. 

A. 

B. 

Time 

RerliKl 

(Miimte»). 

Kjid« down 
jier Minute 
during Period. 

Time 

Period 

(Minutes). 

Ends down 
per Minute 

during Period 

' 

Hosiery 

5 

1H2 

11 

1-73 

• 

10 

0-.80 

5 

14() 


18 

0-72 

18 

l-5« 


70 

0-87 

54 

0-93 


* 103 

0-89 

88 

M8 

Warp 

11 

0-45 

132 

1 0-43 


37 

0-51 

00 i 

0*40 


29 

0*48 

24 ! 

0*40 


3r» 

0-20 

20 

0-70 


I3r> 

0'47 

25 

0-48 


25 

' 0*32 

00 

0*03 


00 

0-20 

120 

0*57 


332 

0-39 

441 i 

0-51 


For eacli of th(? single yarns twenty strength tests wore made on each 
of four bobbins, and forty twist tests were made on each of four l>obbins 
for the warf) >'arDs and on each of two bobbins for the other single yarns. 
For the twofold yarns only half the number of bol)biiis werr* tested. The 
•twist deterniinations were made on successive 1 in. Itmgths, while the 
strength-test pieces were* 18 in. long, and J yard was wasted between each 
test length. 


Table XIL— Hosiery Yarn 



flosH*ry 

Siimle.s. 

ILi.xiery 

Twofold. 


A. 


A. 

B. 

Moan eount 

20*2 

26-!> 

13-2 

13*5 

Mean yarn strength (oz.) 

3 4 

2 • 9 

13-0 

12- 1 

Coefficient of variation of .strength, 

34*3 

44-8 

13*9 

10*5 

V'8 (per cent.) 

Mean elongation (pcT cent.) 

9*7 

9*7 

13-3 

! 12*3 

Mean strength count })roduct 

88*9 

70-4 

179*7 

103*0 

Mean hank strength (lb.) 

MeaA twist (T.P.L) — 

240 

22-5 

89*0 i 

1 

82*5 

** Z ” twist in singles . . 

S ” twist in twt)fohl 

7*6 

7-5 

5*5 

5*3 

Coefficient of variation of twist, Vt 

28-1 

35-6 

19^ 

21 4 

(per cent.) 






Table XIII. — Warp Yarn 



Warp SIiikI^h. 

Warp Twofold. 

A. 

B. 

A. 

B. 

Mean count 

20*3 

27*0 

13*1 

13*2 

Mean yarn strength (oz.) 

4*3 

4*4 

16*3 

15*2 

Va (per cent.) . . 

27*7 

250 

10*0 

91 

Mean Elongation (per cent.) 

10-4 

11*2 

17-8 

18*8. 

Mean strength count product 

113*4 

118*2 

213*0 

200*0 

Mean hank strength (lb.) . . 

31*8 

29*1 

103*0 

96*5. 

Mean twist (T.P.I.) — ; 





“ Z ” twist in singles 

90 1 

9*7 

8*1 

■ . 7*7. ' 

‘‘ S twist in twofold 


. , 



Vt (per cent.) .. .. .. 

26*4 

28*6 

14*4 

4'? 
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Tarle XTV. — Weft Yarn 


.. i 

Welt 

A. 

sinirles. 

TJ. 

Mean count . . . . . . 

l.*D7 

13-3 

Mean yarn .strength (»),7.) 

«•() 

!)•(; 

Vu (per cent.) . . . , . . i 

JS-7 

14-8 

Mean elongation (per <*ent.) . . | 

VAi 

13*5 

Mean strength count product . . ! 

122!) 

128 1 

Mean hank strength (lb.) 

bb-l i 

1 as-2 

Mean Z ” twist ('r.lM.) 

5-S 

()-2 

Vt (per cent.) . . ’ . . . . 

1 1!)*5 

22-3 


In coniparing the sl.ren^itli of the varus, preferaljly hv comparijitj the niiran 
strength count pro<]n(:t figures Tallies XM, XI 11, and XIV), there is no 
consistent <lifrerence in favour of either of the wools. If th(‘ fil)res in the 
wool of one hatcli had been strotjger than those in the other, this would haVe 
Ijceri retleeted at least in the strength (.»f tlie r(»sp(.‘Ctive war|) yarns, while 
any ditlenuice in the surface contlitions or tht‘ length of the ftl)res would 
have shown u}) inor(‘ in the softly-twisted weft and hosiery yarns. The 
only diflerenees in strength which approach significance an* those for the 
hosiery yarns, botli the single and twofold yarns of A being slightly stronger 
than those of B. The diffenuices in the results of the hank tests; which 
WT‘re nia<le on 9()-yard hanks wound on a 1 J--yard reel, are in close accord 
with th<^se of the siiigh'-tliread tests. There are no significant differences 
shown in the elongation of the yarns. 

As shown by the (•oeHicients of variaticui of the strerigth aigl twist results, 
the hosiery and warp yarns esfieeially were very uneven, })r<‘sunial>ly 
because the wool had been spun near to its limit. Although the tw\) carrier 
rollers in the drawing-boxes were set as cart3fully as possible, the unevenness 
was also possibly due in part to insuflieient (ilire control during drafting of 
the wool of such widely-varying fibre lengths. There is no consistent difT<*r- 
ence between the <legrees of levelness of the A and B yarns. 

Kniited Fabric 

The hosiery yarns sent to one firm were knitted up on the frame, and 
those sent to the other on the circular machine. With the frami^-knitted 
material the A fabric was noticeably more uneven than B. This was sur- 
prising, since of th<^ yarns tested the coefficient of variation of both the 
strength and twist results showed B to be the more uneven yarn. There 
was no distinctive dilfereiice in appearance of the fiibrics knitted on the 
circular machine. 

It was considered that the extra unevenm^ss in ap})earance .of the A 
fraane-knitted fabric was prol)abIy an indication that A yarn was slightly 
stiffer than B, which ivith the frame stitch ac<;entuated the unevenness 
caused by the yarn irregularity. Any differences there were in handle 
were very fine ones, for although some people were consistent in claiming 
A fabric as very slightly softer than B, other judges were equally consistent 
in selecting B as the softer. Attempts were made in comparing handle to 
consider separately thje light surface touch and the feel of the body of the 
fabric. Although slightly more hairy fibres could be recognized on the 
surface of the B fabrics, there was not evidently a sufficient amount to effect 
a detectable difference to the touch. 



16 The N.Z. Journal of Science and Technology [June 

The ineaii results of shrinkage tests (B.S.I. Tentative Stajidard, 1939) 
which were carriecl out in (liiplieate on scoured vests from *A and B yarns 
knitted at the two firms are given in Table XV. They show that the 
shrinkage properties of the two wools were closely similar. The felted samples 
were very similar in handle and colour. 


Table XV. — Shbinkaoe Tests 


Machine. 

Reduction in Area 
(Pereentiige). 

A. 

B. 

Frame . . 


35 

20 

(Ireiilar 


25 

32 

Mean . . 


30 

30*5 


Any slight differences there may have been suggested the A test pieces as 
slightly softer and creamier than the B ones. 


Weaving^ Darning, and Finished Cloth 

There was a marked difference in the weaving performance of the two 
warps in favour of B, as shown in Table XVL This is in contrast with what 
might have been (jxpected after the spinning trials. With both warps more 
ends broke during the early period of the wt'aving than later on. 


Taui.e XVI. — Weavisto Perfobmance 


A. 

1 ___ _ _ _ __ 

Total Picks. j Warp Breakaires. 

1 Total Picks. 

Warp Breakages. 

1 

134,300 172 

1 

130,000 

34 

PickH per warp hroaluige ^ 780 

1 

per warp breakage ^ 4,000 


Any slight difference there is in warp yarn irregularity as shown by variations 
in the. strength results (see Table XI H) is also in favour of B yarn. No 
record was kept of weft breakages, though the general impression of the 
weaver was that B pierces wove appreciably better than A. 

The differeiK^e in weaving performance of the two pieces was naturally 
reflected in the amount of darning found necessary, as shown in the summary 
of a specially-kept darner’s record (Table XVII). 


Table XVII. — Dabnino 



1 A. 

B. 

Thick threads . . 

103 

84 

Knots . . 

500 . 

4(K) 

Darns . . 

189 

60 

Time (hours) . . , . . 

15i . 

11 


Despite three different comparisons of the A and B wools In finished 
woven material, there being three pairs of differently-dyed fabrics in addition 
to the comparison of the undyed fabric, not one difference in handle or 
appearance was detected, by the many people who judged, which could 
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definitely be associated with the difference in hairiness. In all cases, as 
with the knitted fabrics, the A and B materials compared very closely. 
A number of people (probably in the majority) thought A fabrics were gene- 
rally slightly harsher, but others were consistent in making an opposite decision. 
On the A fabrics there did appear a slight indication of the weft streakiness 
being more irregular and therefore more pronounced than on the B fabrics. 

With none of the three types of dyeing was the difference in the dyeing 
properties of the medullated, as compared with the non-medullated, fibres 
sufficient to make a detectalile difference between the B fabrics, with their 
approximately 4 per cent, of hairy fibres, and the A fabrics, almost free of 
hair {cf. Table IX). No marked difference could even be discerned when 
the fabrics were examined under a low-])ower niagnif\dng-glass used for 
examination of cloth structure. 

A number of standard test pieces 6| in. wide (frayed width) taken from 
the undyed and finished cloth were tested for strength and elongation on 
the Goodbrand’s machine (see Tables XVIIl and XIX). From each piece 
of cloth five test samples from positions distributed across the full width 
of the fabric were tested warpwise and eight test })ieces covering four different 
lots of weft threads were tested W’^eftwise. Only the means are given of each 
group of two weft samples, since they included the same lot of weft threads 
at different positions across the piece. 


Tahlk — Uloth Tksts : STRKNcn’ir 


Material 

\V arp Witte ► 

Weft Witte, 

1- 

A (lb.). 

IMlb.). 

A (lb.). 

It (11..). 

Undyed, scoured only . . 


433 

375*5 

380 


478 

442 

383 

392 


*178 

427 

383*5 

382 


4(>2 

434 

383 

387*5 


471 


•• 


Mean . . 

, 

472 

433 

381 

386 

Dyeing 1 

453 

428 

3i>8 

377 • 5 


466 

425 

352 

385 


455 

425 

353 

360*5 


479 

448 

.345 

349 

1 

471 

434 



Mei»n . . . . . . 

465 

432 

352 

368 

Dyeing 2 

419 

408 

342 

.348 


420 

403 

.350 

365 


416 

398 

341*6 

331 


426 

422 

341 

337*5 


429 

422 



Mean . . . . • . . 

422 

411 

344 

343 

Dyeing 3 . . 

396 

398 

310 

350*5 


398 

389 

333 

362 


402 

387 

325 

331 


430 

408 

335 

339*6 


432 

387 

*• 


Mean - / .. 

412 

394 

333 1 

343 
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Table XIX.-— Cloth Tests; Eloncation* 


Material. 

1 

I Warjwise. 

j Weftwise. 

1 A (in.). 

B (in.). 

A (In.). 

B(in.). 

Undyed ; scoured only . . 


9-9 

9*2 

9-0 


10 0 

10-2 

9-45 

90 


9-9 

9*9 

9*2 

9*1 


9*9 

90 

9- 15 

9-2 


100 

9*0 


•• 

Mean . . 

9*9 

9-8 

9-2 

9-1 

Dyeing 1 

9-7 

9*5 

9‘0 

9-35 


9-7 

9 o 

90 

9-5 


10*0 

9-7 

9-5 

90 


9*5 

9-5 

9 2 

91 


9*4 

9-2 



Mean . . 

9-7 

9-5 

9-3 

9-4 

Dyeing 2 

8^9 i 

8*4 

8 0 

8 05 


9-2 

: 8-0 

8*5 

8 • 05 

j 

90 

' 8-7' 

8-7 

8-95 


8-7 

9-0 

9*0 

8-95 

^ 1 

8-7 

8*9 



1 

Mean . . . . . . I 

8-9 

8*8 

8-7 

8‘8 

i 

Dyeing 3 

9-2 

8-7 

9*0 

9*0 


9-2 

9-0 

9‘0 

9*0 


9-2 

8-5 

8*9 

8*75 


N-9 

9-0 

8-95 

8-8 


90 

8-7 



Mean . . 

91 

8-8 

9‘0 

8*9' 


* The results jiiven are tfiese re(or<le<l from the luaehlne and are tlie total extended lentsths uf the 
test j)ieces at rii]>t,iire ; the Initial dlstaru'e l:>elween the }a“li>ii is (i^ in. 


It will be noted that the last two warp-strength results for the six dyed 
lengths are in most cases significantly higher than those of the other test. 
The high results relate to test pieces which were taken from similar positions 
in all the fabrics — about one-third and two- thirds across the piece— and were 
prepared and tested at a later date than the other test pieces. Wh^e it is 
difficult to account for this increased strength, fortunately the abnormality 
does not interfere with the oonchisions as it affects A and B similarly. 

Warpwise the fabrics A are significantly stronger than fabrics B. 
Referring back to Table XIII, it will be seen that any difference suggested 
by the strength results of the twofold yarns is in accord with the cloth 
strength figures. Weftwise there is no significant difference between the 
A and B fabrics, any difference which might be suggested would niake B 
slightly stronger, again being supported by the single thread strength results, 
(see Table XIV). There are no significant differences in elongatton between 
the A and B fabrics, as shown in Table XIX. For either warp or weft what 
differences there are in cloth strength are small and based on the relatively 
few bobbins used for count determination ; it is not possible with the infor- 
mation avs^lable to dissociate any difference there is from a probable slight 
difference iti mean cbunt. . 
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Influence of Different Dyeings on tfie Physical Properties of the Fabric 

In additioij to the study of the effect of tjie different dyeings on the non- 
hairy fabrics, advantage was taken to compare the effect of the different 
dyeings (see page 10) on the same fabric. It should be noted that all dyeings 
were navy blue. The results of the strength and elongation tests made on 
the fabrics which are given in Tables XVIII and XIX are summarized in 

The undyed fabric is shown to be slightly stronger in l)oth warp and weft 
than any of the dyed fabrics. From the results and the diagram it is evident 
that, with reference to fabric strength and elongation, dyeing 1 - that is, 
acid dyeing — caused less damage to the wool than (iither of the other two 
dyeings (dyeing 2 with a rnetachrome bath, and dyeing 3 with a neutral 
liquor). Placing the dyeings iii order of fabric strength they are : Dyeings 1, 
2, and 3 respectively. The curves of the elongation results are of interest 
in that they show a significant difference between the elongation at break 
of the fabric of dyeing 1 and of the other two dyed fabrics. In comparing 
the handle of the thn^e fabrics the chief difference was that the acid-dyed 
fabric felt slightly stickier than the other two, or, expressed another way, 
the m<»tachrome- and neutrabdyed fabrics felt silkier than the acid-dyed 
fabric. It is [)ossible that this diff<‘rence in handle is related to the difference 
in elongation of the fabrics. For superiority of handle the fal)rics were 
placed in the following order : Dyeings 3, 2, and 1 re.spectively, though 3 
and 2 were very similar. 

Conclusions 

The presence of medullation equivalent to al>out (> per cent, of coarse, 
hairy fibre does not appreciably affect the processing properties of sound, 
well-grown Roiiiney wool of 48, 5()’s quality (mean fineness. 3/x). 

This amount of hairiness, although clearly vkible in bulked raw material, 
prcKiuced no marked difference's in tin' a p})earance and handle of (*ither woven 
or knitted fabrics ; nor could it be detected in finished cloths dyed juivv blue 
in either an acid or a neutral bath. Throughout the mill trial there was no 
indication of any differences, with marked industrial significance, between 
the pure wool fibres grown on non-hairy fleeces and on fle(‘ces containing 
medullAtion e(|uivalent to ff per cent, of coarse, hairy fibre. 

While the small difference in hairiness between the tvro lots reduces the 
value of the test to the wool-manufacturer, it establishes that even the most 
hairy portions of the fleeces clipped from a mob of seven hundred unculled stud 
Romney ew^e hoggets, not shorn as lambs, do not contain a serious amount 
of rnodullated fibre after the fleeces have been skirted in the tiormal maimer. 

It should be reiterated that this work is intended to be only a preliminary 
investii^ation and must eventually embrace different degrees of hairiness 
and different classes of wa)ol, especially those of finer (juality. The test has 
demonstrated the unique opportunities available in New Zeal^id for research 
work in which the interrelationships between the problems of the wool- 
producer and those of the wool-manufacturer can be studied. 
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TOP-DRESSING AND PROVISION OF WINTER FEED 
IN RELATION TO DAIRY PRODUCTION 

By W. M. Hamilton, Department of Scientific and Industrial Research, 

Wellington 

Summary 

The correlation between the area cut for hay and silage and dairy production 
in the following season over the period 1930-43 is shown to be r ~ -f- 0-77 for 
the Dominion as a whole or r — -f 0-78 for Auckland Province. A similar 
close relationship does not exist between area top-dressed and dairy production. 

The implications of the above correlations are brielly discussed and an attempt 
made to account for annual variations in the area top-dressed or cut for hay and 
silage. 

Introduction 

In an earlier paper(l) attention has been directed to the close correlation 
between the area of grasses and clovers cut for hay or silage and dairy 
production in the following season, A similar relationship docs not appear 
to exist between the area of grassland top-dressed with fertilizers or lime, 
though obviously the area which can be saved as hay or silage must partly 
depend on the productivity of pastures, which in turn is influenced by their 
previous manurial treatment. In view^ of the present need for increased 
dairy production, the above relationships become of considerable practical 
importance, and tjie available data have therefore been examined in more 
detail and are presented below. 

Area top-dre^^sed 

Statistics of the area of grassland top-dressed were first collected in 
the 1926 -27 season. In this and the following season data were collected 
as to the area top-dressed with different types of fertilizers — super- 
phosphate, slag, &c., and lime. The actual area top-dressed, however, cannot 
be determined, since much of the lime would be applied to areas also receiving 
phosphate. This defect in the statistics was remedied in 1 928 -29 by collection 
of the actual area top-dressed *’ (including lime). As an economy measure 
agricultural and pg^storal statistics were (Collected by post in 1930-31 and 
3931-32 and the collection form considerably simplifled. For these two 
years data on top-dressing were collected under two headings : “ Area of 
grassland top-dressed with artificial fertilizers once or more during period,** 
and “ Area of grassland top-dressed with lime.’* Due to overiapping of 
areas, these cannot be added to determine the “total area tpp-dressed,*’ 
This position was rectified in 1932-33, and since that date the position is 
quite clear. In the table below an attempt has been made to reboncile the 
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available statistics over the period 1926-27 to 1931-32 with those for the 
following seasons, estimated figures being shown in italics : — 


Tablk I. — Area of Gbassi^sd top-bressed wiTir Fertilizers or T^ime in the 
Dominion during the Period 192B“27 to 1942-43 


Season. 

A. 

Top-dreiised 
with Fertilizer 
(alone or plus) 
Lime) 
(Thousand 
Acres). 

B. 

Top-d«!sse<l 
witli Lime 
(alone or plus 
Fertilizer) 
(Tiiousand 
Acres). 

0. 

Top-dressed 
with Lime 
alone 
(Thousand 
Acres). 

B - A 1 C. 
Total Area 
top-dressed 
with Lime 
or Fertilizer 
(Tiiousand 
Acres).. 

Ckduimi ( ■ 
as a Per- 
<!entage of 
Column B. 

Area limed 
as a Per- 
<*entage of 
Total Area 
top-dressed. 

1926-^27 

1,410 

107 

IG 

1 J 2 G 

us 

7 5 

1927-28 

1,831 

118 

i ' 

1 , 84 H 


6*4 

1928-29 

2 M 2 

223 

33 

2,385 

14 - H 

9-4 

1929-30 

2.5.9^ 

360 

33 

2,651 

H -8 

13-6 

1930-31 

2,432 

439 

Go 

2 jn 7 

NS 

17-6 

1931-32 

2,068 

387 

57 

2 , 125 

i 14-8 

18-2 

1932-33 

2,335 

697 

1 103 

2,438 

i 14-7 

28*6 

1933-34 

2.133 

780 

j 116 

2,249 

14 9 

34-7 

1934-35 

2,538 

i 981 

146 

2,684 

14*9 

.36-5 . 

19.35-30 

2.731 i 

1 ,084 

! 151 

2.882 

! ' 13-9 

i 37-6 

ll)3(>-37 

3,149 j 

1,204 

177 

3.326 

j 14-7 

1 36-2 

1937-38 

3. <585 

1,3.58 

1 189 

3,874 

; 13-9 

35 0 

1938-30 

: 3,798 

1,432 

; 218 

4,017 

; 15-2 

1 35-7 

1939-40 

3,983 

1,423 

i 204 

4,187 

1 14 3 

j 34 0 

1940-41 

4,398 

1,724 

’ 251 

4,649 

j 14-6 

I 37-1 

1941-42 

I 3,832 1 

1 1,888 

i 380 

4,212 

; 20- 1 

I 44-H 

1942-43 

2,899 i 

1 1,895 

' 571 

3.470 

30*2 

54 • 5 


The estiinates were computed by exprcssit\g the area receiving lime alone 
(colunin C) as a }>ercentage of the total area limed (column B). This figure 
remained remarkably constant until the commencement of fertilizer rationing 
in 1941, and it was therefore considered a reasonable assumption to .take the 
avera«ic of the three years 1932 33 to 1934 35 and ap])ly it to tin* previous 
seasons. Bimilar corrections were a}>pli<*d to the individual land districts in 
the North Island, and these data will be presented later. 

The area of grassland top-dressed with artificial fertilizers in 1940-41 
was 69 per cent, gn^ater than in 1929 -30, the highest peak reached before the 
dcf>ression. Over tin* .same period the area to[)-dressed wdtli lime increased 
nearly fivefold (4B0 [)er cent.), but most of this lime was applied on areas 
also receiving artificial fertilizer, only some 5 per cent, of the total area 
toj>-(Jressed receiving lime alone. Since the introduction of fertilizer 
rationing the area receiving lime alone has naturally shown a marked increase. 

Dairy Production 

Detailed estimates of total production of butterfat at the pail are 
compiled annually by the Statistical Section of the Department of Agriculture 
for the Dominion as a whole, and these estimates have been used in. earlier 
papers(l, 2). Unfortunately, similar data are not available on a land- 
district or provincial basis. The only published figures of dairy production 
available on a provincial basis are those provided by “ Statistics of Factory 
and Building Production ” of butterfat supplied to dairy factories in the 
years ending 31 st March. Such data are not entirely satisfactory, since 
production from parts of two producing seasons are included in the one year. 
Since, however, only approximately 10 per cent, of production in a “ normal 
season occurs subsequent to Slst March, the figures are unlikely to introduce 
any serious anomalies. Data covering the normal producing ” season not 
being available, that from “ 8tati|tics of Factory and Building Production 
covering the year ending 31st March has been used in this analysis unless 
otherwise stat^. 
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Factors affect.ing Dairy Production 

The reconciliation of tojxiressing data noted above has somewhat 
modified, but not materially altered, the relationship with dairy production, 



— ^Bata for the Dominion as a whole showing the total area of grasfcies and clovers 
cut lV)r hay or silage, the total area of grassland top-dressexl with fertilizers or lirne, 
and the total amount of butterfnt supplied to dairy factories in the years ending 
31st March. Note the fall in area top-dressed during the years 193(i~34 and the 
rapid rise in dairy production during the same period ; also the close correspond- 
ence between hay and silage saved in one season and dairy production in the 
year following (semi-Jogarithraic base). 


to which attention has already been directejJj[ 1 , 2). The data for the Dominion 
are shown in Fig. 1, which clearly illustrates the close relationship between 
the area of hay and silage saved in any season and dairy production in the 
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following season. It also emphasizes the absence of any similar close 
relationship in the case of area of grassland to[j~dr(*ssed and dairy pro- 
duction. Detailed figures are |)resented in Table II. 


Tabi.r II 



^ St !C 

s < 

It: a 

£ c9 

rr. 

'9 t, 3 

c 

cs 

\ 2 5 

ca^.£c: 

Hi 

trt: :50 c 
•Z ^ 

^ i ^ X w 

^2^5 {Area top’dresaed 
with Pert-ilirers 
^5 5) or Lime. 

Season. 

' 

i 

Sxt 

5 a- '.3 

^ fc. s 

llll 

u « 2 ; fc 

m. 

«£•« i; 3 
•*-> S' ' 1 - * c 
c 7. ^ 

c ^ 

‘Zi f 

5 , - -e 
> = £2 

5 f 

S 

t; 5 '7 
Z c 

< 

I'c-I 

1=1! 

t 

-* tfj 

JUS it 

5 

isf 

0 ( 1 .. 

^ C 

:io -;8 20 

320 

2,385 

\ ,291 ,204 

hnninion 

2.57,990* 

199H 

248 


185 

92-4 

1029 an 

381 

2,951 

1,388,872 

288,402* 

207 ■ 7 

274 

ill 

191 

91-9 

um :u 

409 

2,497 

1,499,532 

294,393 

190-3 

273 

139 

197 

84-8 

m\ :V2 

432 

2,125 

1 .582,004 

305,993 

19,3 -.3 

273 

134 

1.34 

09-4 

10.‘{2 3:1 

529 

2,438 

1,723,913 

391 ,.597 

209-8 

305 

119 

141 

97-4 

193.3-34 

470 

2,249 

1.810,402 

3‘ML49S 

215-0 

259 

135 

124 

.57-0 

1934 8.'» 

485 

2,984 

1,827.992 

.375, 194 

205 3 

20.5 

125 

147 

71-5 

19.35 39 

539 

2 , 882 

1,823.358 

.389,281 

213-4 

294 

125 

158 

74-0 

1939-37 

504 

3,329 

1,805.405 

4O5.4t>0 

224-5 

279 

132 

1 84 

82-0 

1937-38 

444 

3,874 

1 ,793,77.5 

3S1 ,370 

219-2 

252 

132 

220 

101-9 

1938 39 

518 

4,017 

1.744.47S 

.345,7.38 

198-2 

297 

128 

230 

119-2 

1939-40 

.->.54 

4 J 87 

1,739.874 

374,919 

215-5 

318 

1.38 

241 

111-7 

1940 41 

. 534 

4,949 

1,779,903 

‘ 409,2.52 

230-0 

300 

135* 

291 

113-6 

toil 12 

■ 513 

4,212 

1.777,239 

! 3S2.285 

215- 1 

289 

140 

237 

110-2 

1942 43 

; 447 

3.470 

1,735,444 

1 .352,290 

203-0 

258 

140 

2m) 

98-5 

.4 uckhmd 

Provinct\ (XoHh AuMind, Auckland, and 

aphonic Land Districts 

1928-29 

1.50 

1,203 

(ercluding Wairon C aunty ) } 
914,391 ; I20,38,5*i 205-7 

244 


209 

100-0 

1929 30 

204 

J ,390 

978,549 

148,421* 

218-7 

301 

101 

2()<> 

94-0 

1930 31 ! 

209 

1,347 

753,090 

151,141 

2(M)-7 

377 

1.35 

179 

89-1 

1931 32 1 

243 

1,202 

809,288 

193,584 

202-0 

301 

128 

159 

77-2 

1932 33 ’ 

273 

1 ,378 

894,508 

199,795 

223-3 

305 

122 

1.74 

0‘)-() 

1933 34 ! 

255 

1,.337 

9,54,480 

214,541 

224-8 

207 

127 

140 

92-3 

1934-35 

258 

1,404 

977,938 

211,419 

219-2 

204 

121 

150 

09-3 

1935-39 1 

285 

1 ,609 

994,710 

220,992 

222 - 1 

287 

117 

1.58 

71-0 

1939 37 i 

299 

1,758 

997,444 

2.33.045 

23.3-9 

209 

122 

170 

75-4 

1937-38 i 

239 

1,915 

988,204 

219,314 

221-9 

242 

123 

194 

87-3 

1938-39 

252 

1,901 

991 ,848 

197,357 

199-0 

254 

121 

198 

99-4 

1939-40 

310 

2,074 

980,-547 

221 ,405 

224*4 

,314 

114 

210 

93-7 

1940-41 

278 

2,237 

1,027,051 

246.448 

239-8 

271 

120 

218 

90-8 

1941-42 

259 

2,000 

1 ,028,027 

225,397 

219-1 

252 

123 

201 

91-7 

1^42-43 

'233 

J ,759 

1,005,907 

204,727 

203-5 

2.32 

127 

175 

85-9 



Taranaki Provinre (including Patea County) 




1928-29 

58-4 

318 

199,439 

43,023* 

218-7 

293 


159 

72-8 

1929-30 

61-2 

354 

209,163 

48,499* 

231-9 

293 

120 

109 

72-9 

1930-31 

68-2 

333 

220,213 

60,638 

229-5 

310 

121 

151 

66-9 

1931-32 

74-7 

3(X) 

225,560 

49,516 

219-5 

331 

138 

133 

60-5 

1932-33 

80-2 

347 

239,204 

56,901 

233 '7 

360 

134 

145 

62-1 

1933-34 

79-0 

287 

248,131 

60,406 

243 4 

318 

143 

110 

47-5 

1934-35 

80-1 

330 

249,512 

68,195 

233-2 

321 

136 

132 

50-7 

1936-30 

89-3 

356 

248,644 

59,420 

239-0 

359 

135 

143 

59-9 

1936-37 

81-6 

404 

246,347 

60,920 

247-3 

331 ‘ 

147 

104 

66-3 

1937-38 

81-5 

, 442 

241,362 

61,653 

255-0 

338 

133 

183 

71-8 

1938-39 

87-3 

448 

239,758 

55,095 

229-8 

264 

148 

.187 1 

81-3 

1939-40 

88-0 

409 

243,994 

59,687 

244-6 

361 

146 

192 

78-6 

1940-41 

80-0 

490 

248,124 

63,017 

256-4 

349 

138 

197 

77-0 

1941-42 

84-6 

431 

246,734 

59,439 

240-9 

343 

146 

176 

72*6 

1942-43 

76-9 

367 

240.002 

68,942 

245-0 

316 

144 

162 

62-2 


* These two yeairs intlude whey fat punUmsed from other factories. 
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A clearer picture of the relationships shown in Fig. 1 may be obtained 
by comparing the fluctuations in area top-dressed or in area cut for hay or 
silage with fluctuations in the production of butterfat, and the data are 
presented in this form in Table III : — 

'Table 111. — Increases (+) or Decreases (—) over the Previous Season in the 
Area cut for Hay or Silage, Butterfat supplied to Dairy Factories, and 
Area of Grassland top-dressed over the Period 1930-43 


(The data for hay and silage have been carried forward one year so that they coincide 
with the production which they influence) 


Season. 

Variation in Area 
out for Hay and 
Silage 

(Thousand Acres). 

Variation in Butter- 
fat suj)pliod to 
Dairy Factories 
(Millions Pounds). 

Variation In Arefi 
of Gras-sland top- 
dressed 

(Thousand Acres). 

1930-31 

+61 

+ 6 


1931-32 .. 

+28 ■ 

+ 12 

- 372 

1932-33 

+ 23 

+55 

+ 313 

1933-34 . . 

+94 

+ 29 

- 189 

1934-36 .. 

-66 

-15 

+ 435 

1935-36 

+ 15 

+ 14 

f 198 

1936-37 .. .. .. ! 

+51 

+ 16 

4-444 

1937-38 .. .. ..I 

1 —32 • j 

-24 i 

4-548 

1938-39 .. 

1 -60 

-.36 1 

4 143 

1939-40 .. 

+ 74 1 

“ +29 i 

+ 170 

1940-41 .. .. .. 

+36 ; 

+34 I 

+ 462 

1941-42 .. .. .. 1 

-20 1 

-27 I 

-437 

1942-43 . . * . . . . 1 

-21 ! 

-30 1 

-742 


Over the fourteen-year period 1930-43 the movement of area out for 
hay or silage has consistently forecast the trend of dairy production in the 
following year. A direct correlation between the total area cut for hay and 
silage and total dairy production in the following season gives a value of 
r = -f- 0*91. The high correlation obtained is not considered to be a true 
reflection of the influence of area cut for hay and silage on production, since 
it fails to make any allowance for the large volunui of production which 
would be niaintaiiied even if no hay or silage were saved. The position 
appears to be more correctly portrayed by correlating the fluctuations in 
area cut for hay and silage wdth fluctuations in dairy production in the 
following season, as shown in Table Til. When thi.s is done, r = -f 0-77, 
which is significant at the 1 -per-cent, level. Stated in other terms, 60 per 
cent, of the seasonal variance in dairy production is associated with changes 
in the area cut for hay and silage in the previous season. 

Using the same method of computation, the correlation between drea 
top-dressed and dairy production over the period 1930-43 is r — -f 0*30, 
which is not significant at the 5-per-cent, level 

The objection may be raised that all hay and silage is not fed to dairy 
stock, nor is all top-dressing applied to dairy pastures. Both objections are 
valid, though there appears no ready method of determining from existing 
statistics in what degree they influence the relationship noted above. 
.Indirect evidence on the validity of the conclusions may be obtained, 
however, from several angles. 

The first and obwious test is to ascertain whether the relationships shown 
for the Dominion as a whole apply in primarily dairying districts, such as 
Auckland and Taranaki Provinces. Figure 2 shows the data for Auckland 
Province over the period 1929-30 to 1942^43. As in the case of the Dominion 
data, in no season has the movement of area cut for hay and silage failed to 
forecast correctly the trend of dairy production in the following season, the , 
correlation being r =* + 0'78. 
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The question naturally arises as to why the correlation should be between 
total area cut for hay and silage and total butterfat-production^ rather than 
between area of hay and silage per cow and production per cow. The 
correlation in the latter case (r = + 0*63) may be disturbed by the ra|)id 



increase in cow numbers in the earlier years under review (see Table II), 
though agreement is good in the years foUowing 1933-34, when cow numbers 
have been relatively stable. It seems probable that in the rapid expansion 
of herds in the depression years some degree of “ overstocking ” occurred— 
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a process which maximized total production at the expense of production 
per cow. Also during the period of rapid herd expansion additional young 
stock would be on hand, and provision of winter feed for these would tend to 
lower the aniouut of hay or silage actually fed to milking-cows. 

In Taranaki Province the relationship between hay and silage saved and 
dairy production is not so close as it is for Auckland Province or for the 
Dominion as a whole. In two seasons since 1929-30 the ar(?a cut for hay or 
silage has failed to forecast correct!}^ the movement of dairy production in 
the following season. The discrepancies are small and may be due to the 
use of data for years ending 31st March. 

From the high degree of correlation noted above it follows that the 
area of hay and silage saved in any one season divided by the butterfat 
produced in the following season should remain approxiniatcdy constant. 
This (^\'[)ectation is in fact realized to a surprising degree, and the figure 
•» shows little variation between the Dominion as a whole or Auckland or 
Taranaki Provinces. The data an* shown in graphical form in Fig. 3 and are 
given in detail in Table II. 

It is interesting to note that Taranaki saves vslightly more hay and silage 
per one thousand cows than Auckland Province or the Dominion as a whole,, 
and this is associated with above average production per cow. Tbe increase 
in ])er-cow production is, however, not sufficient to prevent a slightly higher 
level of area of hay and silage per 10C),(XK)'lb. of butterfat. 

In contrast with the above, the area of grassland t(>|)"dressed pt!r one 
hxmdre<l cows or jjer 10,000 lb. butterfat shows wide fiiujtiiations over the 
period. As b(*tween areas, however, the figures show remarkably similar 
trends. The area toj)-(lressed per one hundred cows or ])er 10, OIK) 11). butter- 
fat is at a slightly lower level in Taranaki than in Auckland Province or 
for the Dominion as a whole. This may be due to the fact that Taranaki is 
a more (*xclusively dairying area and little “ fat-laml) country ” is included 
in the area to{)-dressed, or it may be regarded inen^ly as confirmation of the 
widely-held view that in Auckland Province top.-dressing i.s more essential 
to continued high production than it is in Taranaki. 

In Table IV below are shown correlation coefficients between variations 
in thtj area cut for hay and silage and variations in dairy f)roduction in the 
followitig season, together with similar data in respect of area top-dressed, 
over the period 1930-43. 


Table IV. -^-Showing the Correlation between Flucthations in the Area cot 
FOR Hay and 8jlaoe and .Flu.ctcations in Total Butterfat supplied to Dairy 
Factories in the Following Season (Yisar ending 31st March), and iietween 
Fluctuations in the Area top-dressed and Dairy Production, over the 
l^EBioD 1930-43 


Area, 

Hay and Silaige 
and Dairy 
Production. 

SigniiBcancc. 

Area top-dressed 
and Dairy 
I’roductlou. 

Signittcance. 

Dominion . . 

4- 0-77 

SS 

r -f" - 30 

. N8 

Ajji:kland Province . . 

r 4 0-78 

88 

r + 0-50 

NS 

Taranaki Province . , 

r 4 0-61 

8 

r -f 0*24 

N8- 

Wellington Province 

, r 4 9 * 03 

S 


i ' ' ' 


Dominion : Auckland Pr ovince Taranaki Provinoe 
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Fig. 3. — Showing for the Dominion and for Auckland and Taranaki Provinces the .area of hay or silage cut per one thousand cows, and area cut 
in the previous season per 100,000 lb. of butterfat produced; also area' top-<lressed pt'r one hundred cows and per 10,0001b. hutterfat 
product. Note the relative stability of area cut for hay or silage per lb. butterfat (sc mi -logarithmic base). 
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In order to examine the possibility that 'fluctuations in the area top-dressed 
might be due to changes in area of sheep pastures top-dressed rather than to 
changes in area of dairy pastures top-dressed, top-dressing statistics for the 



Fia. 4. — Showing for the Dominion as a whole and for the six land districts in the North 
Island the area of grassland top-dressed with fertilizers or lime, expressed as a 
percentage of the total sown grassland. The relativiv movement has been very similar 
in all districts, iiTespectivc of whether they are predominantly sheep or dairying 
areas. The percentage of total sown grassland top-dressed, however, varies from 
10 per cent, in Gisborne Land District to 58 per cent, in Auckland Land District 
ml94(ML 

^ North lalaud land districts were brought into line with the Dominion 
data, using the mime methods of reconciliation. The area top-dressed was 
then expressed as a percentage of the area of sown grass in the land district, 
the results being shown in detail in Table V and graphically in Fig. L. 
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Tablk Area or Gbassla>'1) tof-uresskd witji Lime or Fertilizers 

(Thoitsanu Acres) ; and (h) Percentage of Sown Grass top- dressed in- 
North Island Land Districts 


Season. 

North 

Auckland. 

Auckland. 

Gisborne. 

Hawke’s Bay. 

Tnrannki. 

'* 

WcUlntrton. 

(«) 

(*) 

(«) 

(h) 

■(«) 1 

(5) 

(«) 

(h) 

iff) 

(5) 

{a) 

ih) 


342-8 

21-1 

887-0 

40-4 

33-7 1 

2-1 

106-8 

5-8 

317-6 

2.5-7 

291-3 

8-2 

1929-80. . 

406 1 

24-, 5 

948-0 

43-0 

42-3 

2-6 

131 • 7 

7-2 

353 7 

28 • 5 

329 • 1 

9-3 

1930- 31 . . 

4irtr> 

24 7 

syi-y 

39-9 

SG-y ! 

2-4 

133-7 

7 -.3 

332 -S 

27-9 

313-9 

9-0 

1931 -32, . 

371-7 

21-9 

SGO-l 

38 • 9 

30-3 1 

1 -9 

ss7r, 

4-9 

2UU ■ 7 

2.5 • 1 

230 • 1 

7'2 

1932-33. . 

4.32 • 7 

2.5 • 8 

916-1 

41 -3 

29 -.1 ; 

1 -8 

105 6 

5 • 8 

347-2 

29 • 8 

311-9 

8-9 

1938-34. . 

416-4 

24-9 

897-2 

40-0 

22-9 j 

1 - 5 

99-6 

.5-4 

286-9 

24-9 

244-0 

7-0 

1034-35. . 

441 1 

26 2 

987 7 

43 .5 

35 -6 t 

2-2 

1.56-9 

8-2 

329 - 8 

28 - 9 

344-2 

9-8 

1985 3«. . 

472-4 

28-2 

1.060-1 

45-9 

36-1 

2-3 

J58-8 

. 8-2 

356 •«) 

:ii -2 

.3.54-6 

10-1 

1936 37.. 

rv69 - 1 

33 -.5 

1,138-2 

49-7 

.50 -9 : 

3-2 

205 7 

10-5 

403 7 

3.5-9 

414-1 

11-7 

1937-38.. i 

61.5 -.5 

35 - .5 

1 . 2 . 34 - 4 I 

53-7 1 

i 65-0 ; 

4*1 ! 

301 •() 1 

15-5 

442-0 i 

39*3 i 

i 523-1 ! 

15-0 

19,38-39.. 1 

643-7 

37-3 

1 .2.56 01 

53-1 : 

61 3 ! 

3-9 i 

283 5 j 

14-5 

447-8 ! 

39 -8 ; 

i .561- 4 I 

16-2 

19311-40.. 1 

668-2 

38 ■ 0 

1 .33.5-8! 

,55-0 j 

69-8 ! 

4-4 i 

3i>3 ■ 8 

18-5 ! 

469-3 ! 

41 -4 ! 

.594-7 

17-2 

1940 41.. j 

72.3-5 

' 40-7 

1 , 429 3 ! 

58-3 1 

83 9 ; 

5-3 ! 

41.5-8 1 

22 -0 { 

490-0 i 

43 1 ! 

i 6.52-0 i 

18 9 

1941-42.. 

673-1 j 

.37-9 

1.312 -4! 

53-5 1 

80-2 i 

.5-1 i 

37.5-0 1 

19-8 1 

431-3 ; 

37 -r. 1 

i 567-1 1 

16 3 

1942-43.. i 

1 

.576 5 i 


l,128l! 


54 • 4 ' 

1 


281 - 4 j 


366 • 3 i 


: 403-0 1 



The inoveineiil has liecn remarkably similar in all districts, whether these 
are [iredominantly .sheep or dairy districts. In recent years the area top- 
dressed in Hawke \s Bay has showm a marked increase, and thei*e is little 
doubt that the peak of area to})-dr(\ssed in 1940 41 was considerably 
augmented by areas of sheeji pasture top-dressed. It is {d.so interesting to 
note that in the [leak year, 1940 41, over f)8 j>er cent, of the sown grass in 
Auckland Land District was to[>-dre.ssed ; tliis figuri' must closely apfiroach 
the total ol‘ “ cultivated ’’ grassland in the area. 

Causrs of Smscoial Fluctuaiioru 

In view of the relationships discussed above, it liecomes important to 
ascertain, if possible, the reasons underlying sea.sonal fluctuations in the 
area cut for hay and silage or the area to}>-dreased. One simple explanation 
of variations in the area, cut for hay and silage is climatic conditions affecting 
growth during the spring and early summer. While climatic conditions 
undoubtedly influence yitdds per acre and to some extent area cut, it would 
appear that some other factor is also important in the latter case. 

It seems probable that; conservation of surplus spring growth as hay or 
silage is generally regarded as an alternative to to j)-d nosing, the choice 
depending on relative co.sts in tenri.s of the product, in this case butterfat. 
In Table VI is shown the cost of dairy-farm labour in terms of the number 
of pounds^ of butterfat required to pay cash wages’ and also the cost of supeir- 
phosphate in tA*rms of tlie number of pounds of butterfat required to purchase 
1 ton. 

The data are shown graphically in Fig. 5, the 1929- 30 season being taken 
as base 100. Figure 5 makes it clear that, as wages fell during the divfiression, 
increasing quantities of hay and silage were saved, while the area top-dressed 
contracted somewhat in response to the rising cost of -superphosphate, 
though a temporary fall in price in 1932 -33 was resi)onsible for an immediate 
increase in the area top-dressed. Fluctuations in the cost of labour show 
a fairly close inverse relationship with area saved for hay and .silage, though 
the agreement is not so close (r = — - 0*23) as in the case of area top-dressed, 
which showed a steady rise as the price of superphosphate fell in terms of 
butterfat (r ^ -—(HO). It may be objected that hired labour accounts 
for only some 20 per cent, of the male labour force employed in dairying and 
that ehanges in wage level are not likely to have the effect ascribed to them. 
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Hired labour is, however, important on the larger farms ; 3 per cent, of 
suppliers with herds of over one hundred cows produce as much butterfat as 
the 52 per cent, with herds below twenty-five cows. It must be also 
remembered that wage levels are indicative of the availability of labour as 
well as its cost. 


Table VI. — Factors affectino the Area cct for Ha^' or iSilacje a>’d the Area 
OF Gra.sslanh top-i>res.sei> Annually in the Dominion, 1928-20 to 1942-43 


Season. 

1 

.Average j 

Payout per j 

Pound of ; 

ButtCTfllt j 

(Butter-fact,ory)i 
(Pence). * 

1 

Cash VVa|ic.H (»f Adult Male 
Dairy-farm Workern. 

Price of SuperphospUaie* per 
Ton, f.o.r. Weattleld, Ist March 

l*cr Wi*ek. 

i 'll! Term« of 

1 Butterfat 
; (PoutuIk). 

In Cash. 

Ln Terms of 
Bntl^*rfat 
(PoundB). 


1 

s. 

(1. 

i 

1 

H. 

0. 



18-25 1 

39 

D 

25-0 

4 

17 

0 

08 • 4 

192930 

10 -IH) i 

39 

0 

29-2 

4 

17 

0 

04-0 

1930-31 

12-25 ; 

20 

3 

25-7 

4 

17 

<; 

73-1 

1931-32 

11-45 i 

17 

0 

18-3 

4 

17 

0 

95 • 5 

1932- 33 .. i 

8-75 

17 

0 

24-0 

4 

o 

0 

SO - 5 

1933 34 .. i 

8-75 i 

19 

5 

: 20-0 

4 

0 

9 

110-0 

1934-35 

9-50 i 

21 

3 

1 20-8 

1 

D 

0 

UO-0 

1935-30 .. ’ 

12 12 : 

20 

3 

20-0 

4 

0 

0 

lOl-O 

1930 37 

13-50 ; 

42 

6 

37-0 

3 

10 

0 

75-0 

1937 3H .. : 

14-81 

45 

0 

30 • .5 

3 

D) 

0 

07-4 

1938-39 . . 1 

10-09 i 

52 

0 

39-1 

? 

10 

0 

01-5 

1939-40 .. i 

10-18 

52 

0 

38-9 

3 

10 

0 

5(5-7 

1940 -41 .. i 

10-11 

52 

0 

39-1 

3 

10 

0 i 

50-4 

1941-42 

10-02 j 

52 

0 

39-3 i 

4 

0 

0 i 

59-5 

1942-43 .. ! 

J 0 • 58 ; 

57 

»5 

; 41-0 I 

4 

0 

0 

00-0 


* StuMstios of aroa t»»p-(in‘s.se<l aro collpcn-d at 41^1 .laimary t'ach yt^ar aud refW* n> thoaroa 
lop'Unj'SstHl In tho twelve* inonn»8 iiioctHling that date. Sinet* most top-dressiuiii of i>a8tiir»‘H is earned out. 
in the antuinn iruudiiK, this means that the t<jj»-dressin>£ slmwn as applied in. say, the lP2h-3l> season 
was actually larvtely applied in the luttiT part of the Td2S--2{‘ seaHou. though its main ofTcct on production 
would tweur in Itu* lP2i> :id season. Tlie area Uip-dresmHl would, however, be deterinim*d by conditions 
rulinjz in tlie nutuiiin of 1921). and tlie Mtmres sliowu opposite the 1929-30 season rider to the pri(;e of 
suptTphos{»hate at 1st .March, 1929. and. in terms of butterfat, thi.s price divided by the jo erajie i>ay(>ut 
for the 1928-29 .season, not the I92t»-,'K) senHou. 


There is little dcnilit that the is.sues determining the area top-dressed or 
the area cut for hay or silage are more complex than the simple explanation 
given above, but relative, costs and the availability of labour are almost 
certainly the major determining factors. 

Discussion 

The relationships discussed above indicate that approximately fiO per 
cent, of the seasonal varianc*.e in dairy production for the Dominion as a 
whole is associated with changes in the area cut for hay or silage in the 
previous season — t.e., with the level of pre-lactation feiMiing- - and suggest 
that top-dressing is not a substitute for adequate winter feeding. This in no 
way minimizes the increased production to be obtained by the to|)-dressing 
of pastures, but it does emphasize the necesaity for fully utilizing the increased 
feed produced, by conservation of the spring and summer surplus as hay or 
silage, and the necessity for adequate winter feeding if dairy cows are to 
profit during the milking season by the higher yield from adequately fertilized 
pastures. * . 
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It also raises a doubt as to the wisdom of the policy, common in some 
districts, of wintering the dairy herd on a hill “ run-off.’' In many cases 
such areas receive no top-dressing and provide a bare existence, often in 
competition with sheep or run cattle. Such conditions provide little 
opportunity for a cow to replenish her store of minerals or to build up 
reserves for a ht^avy producing season. No matter how lush the spelled 
pastures to which such animals return in the spring, production may easily 
be disappointing. 

The relationships outlined above present no novel features. They do, 
however, serve to illustrate in concrete form the practical importance of 
what has long been regarded as axiomatic — viz., the importance of adequate 
winter feeding. 
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ROOT-DEVELOPMENT IN SOME COMMON NEW 
ZEALAND PASTURE PLANTS 

III. RYE-GRASS, COCKSFOOT, AND WHITE CLOVER 

THE REGENERATIVE POWER OF* HOOTS AND ITS RELATIONSHIP TO 
GRASSLAND HARROWING 

By W. A. Jacques, Massey Agricultural College, New Zealand 
(ContimmL from Yol. 25, No. 3 (A Sect.), October, 1943, p. 117) 

Summary 

The of root severancu; on the. root behaviour of several grasses i.s 

discussed. It is considered that the severance of a proportion of th€\ roots 
such as could occur as a result of harrowing offers no advantage to the plant but 
actually reduces the number of deeply-penetrating roots that are available 
for food or water supply during summer. Different types of laterals develop 
in early spring from those formed in late spring or early summer. 

Introduction 

In New Zealand there has been much controversy regarding the efficacy 
and the advisability of the use of heavy penetrating harrows to counter 
the pugging effect of stock grazing on the permanent pasture in winter. 
A dozen years ago there was a general feeling that if a permanent sward 
were heavily harrowed with an implement with cutting or penetrating tines 
until little could be seen of the grass, that improvement would be effected in 
the productive capacity. Since that time there has arisen a doubt as to the 
efficacy of. this treatment, and much lighter harrowings are now given. 
There is still a feeling, despite the lack of experimental evidence, that wod- 
bound, unproductive swards consisting of such plants as paspalum (P<w^a^uw^ 
dilatatum) and brown-top (Agroslie tenuis) as the dominant grass species 
can be made mure productive by tearing or penetrating harroWs. Similarly/ 
pastures .that have -had the surface badly poached by winter jjrazing may 
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also respond in some degree. Some machinery vendors have put forward 
claims that root sev<jrance of pasture plants before the commencement of 
spring growth is a decided advantage to the ];)jant in that it engenders the 
formation of new root-growtii. There appears to be no sound basis for this 
statement. Experiments at Marion Elxperiniental Area{l) have shown that 
on high-producing, well-gra/ed dominant perennial rye-grass swards harrowed 
in autumn and winter over a number of years, no significant diflerence in 
production was recorded as against tln^ untreated ones. The figures given 
are as follows : - 


Table I. — Dry Matter, in Pounds .per Acre, and RKLATrvE Yjei.ds {no 
H ARRowfNo - ino) 


{ Bastnl on dry nuitter for the period 14tli Sopteiubi.r, J.934, to iStli July, 1939) 


'J'rftatUKjfit. 

! Dry Matter 
j (Pounds per i 
j Acre). j 

Kel{itiv<3 

Yields. 

1. Nu harrouiri^' 

48.014 i 

100 ' 

' 2 . Autumn hjirrowifig (Apiif, May) 

.. : 47,009 : 

99 ‘3 

3. Autumn ami winter harroM ing (April, May. ami July) 

.. ; 47, M9 : 

98 • 1 

4. WirjtiT harrowing (July) 

.. j 40,o9^ 1 

97t» 


1 


Each ar(‘a received two strokes with tln^ harrows, tin*, second lading at 
right angh's to the tirst. Grazing wa.s done with sheej:>. 

The g(mcral conclusions were that, over a five-year periotl, Jio iin})rove- 
ment was noted cuther in seasonal ^>rod action or in the total yields of herbage 
when a douWe harrowing was given to a depth of I in. to U in. 

It is possible that diflerent species react to what amounts to root>prunijig 
in different ways, but as the most important and widely distributeii grass 
species on lowland dairy pastures is perennial rye-grass {LoUam. perenne) 
this species has been taken as forming a basi.s for a trial on the regenerative 
capacity of grass roots when severed at int(‘rvals from May to August. 1 ji 
addition to three perennial rye-grass strains, Italian rye-grass {L. multi - 
florum)^ Western Widths (L. ivesterwoldicum), and cocksfoot {Dactplis 
plomerata) have also been tested with the object of comj)ariiig their 
responses under similar treatment. 

The results for Western Wolth.s have not been included in one trial as 
most of the plants died before its completion. 

Materials and Method 

The trial was divided into two parts, the first had as its object the 
observation of root-resj)onses to a vertical cut on two sides of plants that 
were more than twelve Jiionths old, the second was to determine the response 
to horizontal root severance at 2 in. below the surface with ]>lants less than 
twelve months old. The latter would have its application rather in the 
effect of root-cutting insects (such as Odontna in this country) and not as 
a factor in harrowing. 

Side Cut 

One strain of certified perennial rye-graSvS (Ba 6420), two uncertified 

perennial lines -Ba 6378 (an average type 3) aiKl Ba 6374 (a poor type 5) 

and a good Italian rye-grass (Bb 283) were planted singly in rows in autumn 

2 — Science. 
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and allowed to develop for thirteen months before the cutting treatment 
was commenced.* The (*ut was made with a sharp spade on two sides of. 
the periphery of the plants. Different ))lants were cut at fortnightly intervals 
between 15th May, 1940, and 7th August, 1940, and were raised for exami- 
nation approximately three months later. Counts that were made between 
9th August, 1940, and 11th Ocitober, 1940, wej:e not complete, but indicated 
little change from the figures obtained on the earlier count so have not been 
included. One hundred severed roots were examined on each plant, and 
Table II gives the results of the counts on the different dates. Most of the 
roots that were examined were J in. or more between the proximal end and 
the place of severance. Most of those- that were cut shorter than this, 
unless they had very recently been initiated, failed to exhibit any regenerative 
powers. 

Table II. — Effect of Root-cbukiiNg (kSiDE Cut) 


Description . . 

Cut followed by Lateral Root-growtli. 

Date of 
Cutting. 

Date of 
Sampling. 

Difitance of Cut 
from tiic Plant. 

Average 

l.ength 

of 

Lateral 

Orowtb 

(in 

fuchea). 

Length 

oi' 

Longent 

Luterai 

(in 

Inches). 

Per- 

(^entage 

of 

llootfs. 

i__ 

<rj r j r j>r 


Cut followed by no Lateral 
lloot-RTowth. 


Distauce of ('ut 
from tlie JMant. 

<r j r r 1" 


o 



J 5/5/40 
10/7/'40 
24/7/40 
7/8/40 


15/5/40 

10/7/40 

24/7/40 

7/8/40 


15/5/40 

10/7/40 

24/7/40 

7/8/40 


0/8/40 
M/lO/40 
18/ 10/40 
ll/Jl 40 


0'8/'4(» I 
]1/10 40 ! 
18 10 40 i 
11/11/40 I 


»/K/4<» 
1 1 /10/40 
18/10/40 
11/11/40 


Phnl Ba 042(S ( Balvdion ) 


0.' 

% 

o/ 

0/ 



1 

'a 

12 

43 

1-30 

7 

1 

4 

5 

58 

M9 

() 


3 

9 

53 

0-86 

4 

J 

- 

1 

47 


6 


Plan 

1 Ba 

em 

(Aver a 

Typi 

3 

! • • 

1 4 

43 

0-89 

i 

0 

1 3 

! 5 

4H 

1-82 

! 9*5 

• * 

i 

5 

42 

0*95 

j 3 


2 

i 

3 

48 i 

1-28 

j 5 


(»2 

08 

05 

40 


50 

50 

50 

63 


Fluiit Ba om {Poor Typn 6) 


8 

4 

11 

j 7 

0 -20 j 

3 

1. 

2 

5 

24 

liH* 

3 


1 

7 

25 

0-79 

3 

1 

7 


19 

1-44 

4-5 


Plant Bh ( Good Italian liye ) 


% 

i o/ 

i ,b 1 

3 

; 0/ 

./o 

10 

0/ 

/o 

29 

38 

i 

I 

. • 

30 

32 


4 

4 

27 

35 


1 

4 

49 

51 


4 

f 



4 

1 10 

19 

20 

60 

1 


15 

24 

44 


4 

(> 

40 

50 


t 

7 ! 

40 

47 

. 

2 

i 1^7 

23 

30 

70 

3 

5 

17 

42 

97 

5 

7 

13 

42 

97 


4 

3 

41 

48 


15/5/40 

9/8/40 j 

4 

9 

4 

35 

1*93 

5 

52 

1 

5 

15 

27 

48 

10/7/40 

24/7/40 

11/10/40 


3 

9 

31 

0*93 1 

4 

40 


5 

18 

42 ! 

90 

18/10/40 

i 

3 

6 

'32 

0*57 

2 i 

44 j 

2 

9 

10 

38 

59 

7/8/40 

11/11/40 

1 

2 

16 1 

1 

50 

0*80 

5 

99 

• ' 

6 

! 

9 

/■I 

31 


Dismimon of Results of Side Cutting . — In the c(>rtified perennial rye-grass 
(Ba fi426) there was a relatively high proportion of replacement of severed 
roots by laterals and these laterals reached an average length of between 
1 in. and 1-3 in., with 7 in. as the longest. The number of laterals that 
developed above the severed portion was not ascertained in this trial as it 
w^as not always possible to distinguish between normal and induced lateral 
growth. 


* Tbankfe are due to the IJinjctor of the Orasslandu DiviHion (jf the Plant Hesearch 
Bureau for supplying the linos of seed from plants of known performance and uniformity. 
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In the perennial rye-grass type 3 (Ba 6378) a fairly uniform figure for 
the number of roots that regenerated was maintained throughout, but the 
capacity of the roots to send out laterals after severance was not so great 
as in the selection (Ba 6426), and the longest lateral formed was 6*5 In. In 
the type 5 rye-grass (Ba 6374) the regenerative capacity was the lowest of 
any tried and, with the exception of the last count, only one-third of the 
roots that were cUt sent out laterals. This is in great contrast to the 
selection (Ba 6426), which showed almost double that number. The final 
count on 11 th November, 1940, showed an increase in the number that 
continued growth, and this was due solely to the greater number of new 
roots that had devidoped around the periphery of the plant to replace the 
centre ones that had died during the previous summer. It indicates a more 
transient root system, where the older roots are more vigorously replaced 
in spring than was found in the longer-lived penuinial form (Ba 6426). 
Italian rye-grass (Bh 2<S3) gavf‘ a somewhat better figure for replacement 
than type 5 perennial, but here also the new roots that had developed around^ 
th<‘ p»Tiph(‘rN' at the tmd of July and early August Jed to an apparent increase 
in the regenerative capacity of the roots. The progressive decrease in 
vigour of regtmeratinn during the iJcrical of the first three counts is shown 
hy a steady decrease in l)oth the average and the greatest length of the 
laterals that developed. 

it would seem, therefore, that there is a greater regenerative capacity 
in newly-formed roots, an<l that older roots be(‘ome progressively less 
responsive to severance. 

Counts made on perennial rye-grass pasture plots in an adjoining area 
show that from 15 per c<‘nt. to 30 per cent, of the total main roots are severed 
when parallel cuts 2 in. apart and 2 in. deep are mad(‘. 

Under -cut Seriea 

The grasses tested in this trial were certified penumial rye-grass ; un- 
certified perennial rye-grass ; Italian rye-grass ; Western Wolths ; certified 
mother cocksfoot. White (’lover was also treated in the same way. 

Plants were grown as single plants from clones. Weekly cutting of the 
roots was commenced on Ist July, 1940, and continued until 18th November, 
1940. The plants were raised approximately three months after root- 
severance. The roots were cut in situ by passing a sharp, thin blade beneath 
each plant at approximately 2 iii. below the surface with as little disturbance 
of the soil as possible. The treatment was more severe than the side cut, 
and most of the roots were severed. Fifty roots from each plant were 
examined at weekly intervals between 9th October, 1940 (when those plants 
whose roots were cut on 1st July were examined), and 25th February, 1941 
(when the experiment terminated). 

Discussion of BesuUs , — Figure 1 shows the trend in the different plants 
as regards their ability to develop lateral root-growth after the main roots 
had been severed. It will be noted that, as the roots became older, they 
showed a sharp decline in the number that responded to severance. Cocksfoot 
and the perennial rye-grasses showed the best response, w^hile the annual 
and short-lived forms of rye-grass showed the least. 

S-^Soienoe. 
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The average length of the laterals that did develop in consequence of 
cutting also declined as the roots increased in age before being severed 
(Fig. 1). 



T»6RiOD 9 ! 10-40 TO 25‘. 2'4I 


liriGTH of LATERAL TOOTS. 



?£T?iOD 9 ! »0 : 40 TO 2Js 2- 4r 


Fio. 1. 

Cocksfoot was outstanding in that it was able to maintain both the 
longest average length of laterals and the highest number of severed roots 
that developed laterals- 
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Zealand Pasture Plants 

Figures 2 and 3 show the type of growth that followed upon severaiiee 
of the roots in the three months betwT'on eiitting and liftiijg. It is interesting 
to note that the thinner white roots sejit out rnon* laterals, and generally 
these penetrated to a greater de}>th iti the soil than did the thicker white 
r(K»ts, exeef)t in cocksfoot, where the trend was reversed. 

Figures 2 and 3 dernonstrat<' (dearly the different type of root-growT/h 
that follows severance in early and late .spring and ^^'hich is progre.s.sive 
into summer. Figure 2 .show\s roots of uncertified p(‘rennial rye-gra.ss from 
the “ under-(uit ’’ .series, Th(^ roots vrere severed at the points marked wdth 
arrows. 



Fi(3« 2. — Ihicertified perennial rye-grass. Severed roots from an “ niuter-cut ” plant. 
Lateral root-growth is vig4)rous from an area imme^diately abovt* the (sit and 
extends w'ell ladow it. Arrows indicate point of severance. (Koot.s enl, 1/7/40; 
plant raised, 9/10/40.) 


On the left of Fig. 2 is a “ looping of the root and the formation of 
laterals as a conse(]uence of some disturbing fc^ature of growth. Similarly 
in th(^ next root, the main root-tip ha.s been destroyed, and immediately 
behind tlie damaged portion arise s(nT»ral laterals. The two roots on the 
right were severed on 1st July, 1940, and examined on 8th October, 1940. 
They sbow^ lateral root-growth, w^hich has replaced tht^ .severed main roots 
and are exhibiting a vigorous downward growth. 

The type of lateral growth is very different in Fig. 3, which shows roots 
cut more than three months before they were raised on 2nd March, 1941. 
Here the lateral growth is characteristicallv gnarled, much branched but 
short, with little vigour or tendency to penetrate deeply. This transition 
from the vigorous growth of early spring to the much less vigorous response 
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in the late spring or early sunmier is also indicated by Fig. 1, where there is 
shown a decline in the average length of the lateral growth. This decline 
was less evident in the side-cut series, where the cutting commenced and 
ended at an earlier period than in the under-cut series, and also where the 
severed roots were younger. 

White Clover 

The effect of root-severance on white clover was to cause from four to 
twelve laterals to form above the cut (Fig. 4). These were thinner than 
the original tap-root, but penetration was only slightly affected. The 
behaviour’of the clover-root differed considerably from that of the grass-roots 
in that replacement by the adventitious root-system was slower and 
deterioration of the roots (which is a marked feature of the grasses from July 
onwards) w^as less apparent in the clover. 



Fro. 3. — Certified perennial rye-grass. Severed roots from an “ under-cut ” plant. 
Lateral root-growth is short and gnarled, and on only one root did the lateral 
growth extend below the point of severance. Arrows indicate? the point of severance. 
(Roots severed, 18/11/40 ; plant raised, 2/3/41.) 


General Discussion 

It can be determined from the above data that from 15 per cent, to 30 
per cent, of the plant-roots can be severed by harrowing with cutting tines 
2 in. apart and 2 in. deep. , Of these severed roots a decreasing proportion 
recommence growth as the spring passes into summer. In certified perennial 
rye-grass almost 40 per cent, of side-cut roots failed to make further growth. 
This means that between 6 per cent, and 12 per cent, of the total root numbers 
are destroyed by root-severance. , In the two uncertified rye-grasses the figures 
are more impressive and range between 7*2 per cent, and 144 per cent, and 
94 per cent, and 19 per cent, for types 3 and 5 respectively. In many cases 
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the number of newly-formed laterals execieds the number of main roots that 
have been lost by eutting. The effeet of this may be a temporary improve- 
ment in yield, for the new roots are thickly cIoiIkhI with root-hairs which 
are developed in a region of the soil that is generally well supplied with plant- 
food. The length of the lateral root-growth following severance, howe\ er, 
is less than is d(*sirable from the point of view' of root-penetration. In etfect 
it is causing the replae<>men1 of part of the dee])er-f)enetrating root-system 



Pig. 4. — White clover. Sevort?d tap-root from an “ under-cut ** plant. 

Lateral root-grow'th is vigorous. Six strong lat>oral roots are . 
vigorously replacing the severed tap-root. At the same time 
adventitious roots are developing. (Roots severed, 18/11/40; 
plant raised, .1/3/41.) 

with a more .superficial though temporarily a more vigorously absorbing one. 
It is possible, therefore, that while ampUj^soil-moisture remains, there may be 
as a consequence an increase in yield during spring. But the j)r()duction of 
spring growth is not a problem that is facing tjhe farmer. It is the summer 
yield that is important, ^nd here the effect of root-severance is likely to be 
detrimental to yield. As moisture becomes less abundant in the upper 
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soil layers with the approach of sumnier, the trend is for roots to penetrate 
into the deeper and moister subsoil. The severed roots, especially those 
severed late in the trials*, have shown little tendency to do this, so that they 
become useless as absorbing agents in the drier season. Thus when a supply 
of food and moisture is most needed it is mainly the unsevered roots that 
supply it. 

Furthermore, the roots that give the greatest response to root-severance 
are relatively young, and these are the ones that are in the process of growing 
dow’u into the subsoil. The roots that have already penetrated deeply are 
on the whole not in a state to regenerate near the surhice and have mostly 
lost their cortical tissue. When a root has reached the stage when the cortex 
sloughs from around the stele there is little, if any, response to root-severance. 
Although some roots have been observed which have no cortical tissue above 
the point of severance and have yet shown some lateral growth it may^be 
that sloughing took place subsequent to the initiation of lateral root-growth. 

Though no herbage weights were taken in this trial, it is clear from a root- 
devolopnlent viewpoint that no advantage is to be looked for as a result of 
root-pruning. The effect is to transfer the absorption region of some portion 
of the root system from the deeper soil layers to a region nearer the surface. 
While this may be satisfactory in a soil that does not dry out and where th(» 
water-table is never far from the surface, it undoubtedly affects the summer 
production on soils where dry periods are experienced. It seems possible 
that this is the major factor operating as far as the roots are concerned. 
Under normal conditions grass-roots can readily be replaced at short notice 
if the plant is in need of them. The fact that the lateral growth following 
upon severance of the main roots oan supply abundant food from near the 
surface forms no incentive for the plant to replace the severed deep roots with 
more deep roots. From this viewpoint, therefore, the claim that root- 
pruning due to penetrating harrows is beneficial cannot be supported. 

A point of less importance is the actual loss of food material from those 
roots that were cut. The bulk of the roots that sent out laterals were 
young roots and contained some food stored in the cortex. Judging by the 
behaviour of the cortex, this reserve of food is called upon mainly when the 
plant is preparing to form seed-heads. This loss of food fer sc is therefore 
of little consequence and is still available to the plant at some future time. 

There is some severance of the roots that grow outward.s or fanwise from 
the plant, and these are likely to be more affected by harrowing than are 
those roots that grow more or less directly downwards. Some of these 
penetrate deeply, others do not. Cocksfoot and Paspahim dilataUm would 
be more affected in this connection than perennial rye-grass. 

The roots that are likely to suffer also are the finely-branched, short, 
superficial roots which usually penetrate only a few inches into the ground. 
These roots are different in form from the white roots, and their function 
appears to be to take up a supply of the minerals from the surface layers 
immediately round the crown of the plant. They are not able to function 
in very dry soil. 

The .fact that the new lateral growth which develops consequent upon 
catting is well supplied with root-hairs to a large extent neutralizes the 
loss of some main roots and permits absorption from near the surface until 
Such time as the ground becomes too dry for them to function or they lose 
their cortex>and, with it, the root-hairs. 
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In the nndereut series the short, mueh-brauche*], surface-feeding roots 
were hardly affected and those that normally penetrate deeply only were 
severed. The latter behaved siinilarlv to those in the side-cut series. In 
all cases the peripheral roots made more lateral root-growth than the older 
ones that were produced from the more centrally placed tillers. The fact 
that most of the older roots had shed tlnrir cortex near the surface of the ground 
does not imply that they had ceased to function as absorbing organs ; 
the distal ends could still be elongating and actively absorinug, though there 
would l)e little absorption in the top foot of soil. 

There is a steady decline in the ability of the grass-roots to respond to 
severance as they become older, and it is very questionable whether roots 
that have shed their cortical tissue do respond at all. The degree of response 
was measured by their ability to develop vigorous and nujnerous laterals 
to replace the severed main root and also by the average length attained by 
them. Cocksfoot and certified perennial rye-grass show(*d the best response 
in the number of severed roots that developed laterals, while cocksfoot was 
outstanding in the length of roots that so developed. 

White clover seemcfl to l»e ]itth‘ affe(‘ted by root-severance where the 
function of the severed tap-root was taken over by one or more of the 
lateral roots. 


Eeference 

(1) Elliott, A. (J,, and Lynch. 1*. B. (J940): N,Z, Jour, Agri., 60, 270. 


MARROW-STEM KALE 

FURTHER INVESTIGATIONS 

By R. A, Calder, Agronomy Division, Department of Scientific and 
Industrial Research 

Summary 

Two distinct strains of marrow-stem kale (chon moellier) now’ known 
respectively as giant and “ medium-stemnitHl ’’ and a strain of thousand- 
headed kale have been developed at the Agronomy Division. Those w’ere 
compared in a yield and grazing trial, and as all wore considered to be of value 
for forage puri) 08 e 8 , seed -supplies of each have been built up and are to be 
distributed by the IJepartment of Agriculture. 

Introduction 

A RATHER significant feature in connection with the production of fodder 
crops in New Zealand during recent years has been the gradual increase 
in the acreage devoted to marrow-stem kale, commonly known in this 
country a.s chon moellier. Throughout the same period the area sown with 
rape has remained relatively constant, whereas that sown with turnips 
has exhibited a decided decrease. A record of the changes which have 
occurred over the past ten years may be observed in Table I, in considering 
which due allowance must be made for the modification in the system of 
recording introduced in 1941-42. 
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Table I. — Acreages sown with some Forage Crops, 1933-34 to 1942-43(1) 
( Areas in thousanda of acres) 


Croj). 


1034-35. 

I 1035-30. 

1030-37. 

] 037 -38. 

1038-30. 

1030-40. 

1940-41. 

Chou moellier 

9-1 

8-4 

11*7 

10*1 

11*4 

12*7 

1 

14*7 

19*0 

Rape and/or kale . . 

1883 

180*5 

191*6 

195*7 

196*4 

173*1 

189*8 

197*9 

Turnips , . 

414-9 

380*7. 

381*9 

371*5 

373*5 

332*6 

345*9 

341*4 

Turnips and rape . . 

H.3-7 

62*8 

59*9 

59*9 

59 1 

53*2 

j 

58*9 

62*3 

i 


(^rop. 

1 1041.-4:i. 

1042-43. 

Kale (induding chou moellier). . 

63*7 

64*4 

Rape 

163*8 

160-8 

Turnips . . . . y 

Swedes . . . . j 

.336*9 

327*0 

Turnip.« and rape . . . , 

39*8 

38*1 


This would seem to indicate that marrow-stem kale is tending to replace, 
in some degree at least, a portion of the turnip crop. The jeason for such 
a change over could no doubt i>e accoimted for l>y the fact that, in many 
localities, great difficulty is exj>erienced in obtaining satisfactory crops of 
turnipvS due to the ravages either of aphis, of diamond-back moth, of (dub- 
root, or of dry rot. Marrow -stem kale is not so susceptible to these pests, 
and as it constitutes an excellent late autumn or early winter forage, is 
apparently being grown to some extent in preference to th(‘ root cro|>. That 
su(;h a roplaceinent is occuiTing is su2>port(Hl by observations, and it is possible 
that it will become even more extensive in the fiitim^. 

t 

Until coinparativcdy recently the seed-suppliers for sowing the kale acreages 
wore obtained almost entirely from overseas, but arrangements havt^ been 
mad(^ by the D(‘partment of Agriculture which provide for the. production 
locally, under officiial siip(?rvisioii, of all seed requirements. At th(? Agronomy 
Division efforts have been diKxted towards the devedopnumt of re selected 
types which now form the nucleus material for the seed-production scheme. 

In a previous article(2) the crop and plant characteristics of marrow-stem 
kale were discussed and a description given of the methods l)eing used to 
develop selected strains. Three distinct forms had l>een isolated, and these 
were to be subjc^cted to further selection and to more comprehensive field 
trials. The present article discusses the results obtaiiujd from a yield and 
grazing trial of two selected types of marrow-stern kale and one of thousand- 
headed kale ; the third marrow-stem kale strain was discarded. 

Material and Methods 

The material under trial consisted of the following selected types (see 
Fig. 1):— 

(i) A tall form with a smooth, well-developed stem and with a rather 

low proportion of leaf to stem, now known as giant chou 
moellier : ^ 

(ii) A form of medium height with a relatively coarse stem but. with a 

greater proportion of leaf to stem than the tall type, now 
known as medium-stemmed chou moellier ; 

(iii) A selected form of thousand-headed kale. 
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These three types were sown in plots each consisting of five rows 45 ft. 
long and 2 ft. 6 in. apart, each being replicated eight tiiues. The plots were 
drilled with a Planet Junior on 25th October, 1939, and the first results were 
recorded on 9th February, 1940. From two of tlu; replicates of each type 
two subplots four rows by 6 ft. in extent were cut and weighed and later 
the results averaged to give green-w^eight yields per plot : samples were also 
taken for air-dry weight d(‘teriuination8, for leaf-stc Tu analysis, and for 
stein fractionation. The tw^o n*pli(;at<\s were then fenced off and six ewes 
were turned on and allowed to graze for four days, wdiich further 

subplots of a similar dimension to the fornuu* were cut and weighed and 
further samples taken for leaf-stem analysis. From the data thus obtained 
it was |)ossihh* to (’alculate the amount of green forage and the* proportions 
of leaf and stem which had been consumed oil (‘uc h ty]>e in four days, h'inally 
the sheep w^ere again admitted to the |>lots and allowed to com])let,e grazing, 
after wtuch a third s(‘nes of sub[)lots was cut and weighed ; all thf* leaf and 
varying pro]»ortions of the stem had been eaten and it was possible to 
determine not only liit? total amount of forage, hut also th<* proportions of 
stem wdiich had l)(‘en consumed off each type. 



FiiJ. }. — (a) Giant clion moellinr ; (b) inediinn •stemmed efum moellier : 
(r.) tlumsaml -headed kale. 


Similar records were i)btaincd from tlie remaining replicates in March, 
April, May, and June ; in May and June, however, only a single series of 
plots wuis investigated at ea(3]i cutting period, and for these two months the 
results have been averaged. 

JSo statistical examination was undertaken, and this should be borne 
in mind w'hen the results are considered. 

Experimental Results 

The results obtained arc discussed under tht' following headings : — 

(a) Green-weight yields : 

(b) Dry-matter determinations : 

(c) Leaf to stern ratios : 

(d) Stem fractionation : 

{e) Grazing : 

if) Chemical analyses and nutritive value. 

No chemical analyses of the maU^rial from the trial were undertaken. 
Woodman, Evans, and Bden(3),, however, in 1934 made a complete study at 
Cambridge of the composition and nutritive value of mairow-stem kale and 
thousand-headed kale, and the results of the Lincoln trial are considered in 
relation to their findings. 
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(a) Green-weight Yields 

111 marroW'Stein kale practically the whole plant is consumable, and 
therefore in any determination of yield both the leaf and the stem have to 
be taken into consideration. In the trial under review the plants from the 
subplots were cut at ground-level for weighing for total production, and the 
results obtained are presented in Table It. 


Taule TI. — Total Yields of Green Matter ie Pocnds per Plot and as 
Percentages from the Three Types at Different Periods 


Type Kale. 

1 9/2/40. 

1 7/3/40. 

j HV4/40. 

Lb./PU>t. 

Tall -- lUO. 

j Ll>./Plot,. 

i 'fall ^ loO. 

1 

Lb./Plot. 

Tall - 100. 

Tall marrow-stom 

28-0 

lfK» 

31*4 

1 

! KKt 

45*2 

100 

Medium marrow-stem 

23-7 

84*6 

27-9 

1 88*8 

35*8 

79-2 

Thousand-headed 

21 H 

1 

77*1 

21*4 

<i8-2 

i 

33*1 

73*2 

1 


Type of Kftlp. 


Tall marrow- stem 
Medium marrow-stem 
Thousand -headed 


i ia/.5/4(V- 11/6/40. 

Average over Four Periods. 

Lb./Plot. 

Tall - KM). 

Lb./Ph.f. 

■ 

Tons/ Acre, 

Ta!! 100. 

35*6 

100 

35 *0 

11*6 

KM) 

26*3 i 

73*8 

28-4 

9*2 

8M 

25-8 i 

72-6 

25*5 

8*2 

72*8 


Comments on Table IL — (i) Due to a dry period in the late summer and 
early autumn, growth was not prolific and the crop grew to a height of only 
2 ft. 3 in. to 2 ft. 6 in. ; green-iveight yields, therefore, were relatively low. 

(ii) In all types there was a gradual increase in productivity until the 
third period, after which decreases were recorded. 

(iii) At all periods the tall marrow-stem kale type gave the heaviest 
yield, the medium marrow-stern kale type somewhat less, and the thousand- 
headed kale the poorest. 

(6) Dry-matter Determmations 

When the plots were cut for green-weight yields, samples of the leaf 
and st^m were taken and air dried for dry-matter determinations, all 
references to which, unless otherwise stated, are on an air-dried basis. Dry- 
matter percentages of the two separates were obtained, and from these 
were calculated the dry-matter percentage of the whole plant. The results, 
which were higher than those recorded by Woodman, Evans, and Eden, 
who give absolute dry-matter figures, are presented in Table III. 


Table III. — The Average Green-weight Yields in PoirNps per Plot, Average 
Dry-matter Percentage, Average Dry-matter Y'ibld in Pounds per Plot, 
and Calculated Dry-matter Yield in Tons per Acre from the Three Types 
over the Four Periods 


Type of Kale. 

Average 

Oreen-welght 

Yield 

( PouiKlB per 
Plot). 

Average 

Dry Matter. 1 
(Percentage). 

Average 
Dry-matter 
Yield ' 
(Pounds per 
Plot). 

Average 

Dry-matter 

Yield 

(Tom/ Am). 

Tall marrow -stem . . 

360 

19-7 

6*9 

2*2 

Medium marrow-stem . . 

28*4 

20*4 

6*8 

1*9 

Thousand-headed - - . . 

25*6 

22*4 

6*7 

1*8 
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ComnwnLs on Table //i. -Thotisand-headed kale gave the highest dry- 
matter percentage and the lowest dry-matter yield, whereas the tall rnarrow- 
stem kale type gave the lowest dry- matter percentage and the liighest 
dry-matter yield. 

The differen(H*s recorded between marrow-stem kale and thousand-headed 
kale are of a similar order to those obtained by Woodman, Evans, and Eden, 
who found that the average dry-matter content (on an alisolute basis) of 
marrow-stem kale during late autumn was 13*3 per cent, and of thousand- 
head (ul kale 15-8 per cent., but stated that this advantage of thousand- 
headed kale was offset by its lower yields in terms of green matter. 

(< ) Leaf to Stein Ratioj^ 

At eaci) period, immediately the plots w^en? cut and w^eighed for total 
green- weight yield, tw^enty-five represe.ntative plants w^ere taken and the 
leaves stri})})ed from the steni.s. The two separates were then wtnghed and 
the percentage of leaf to stem calculated, 'fhe results obtained are shown 
in Table IV. 


Tajilk I V\ Pekoentaoes ok Leaf and Stem, on a Green -weiomt Basis, in tice' 
Three Types at Different Period.s 



1 

'40, 

t i 

J/40. 

UV'4/40. 

of Kalf\ 







1 Lmr. 

1 

Steia. 

l,oaf. 

1 

1 Stoiu. 

1 

1 

Loaf. 

St<*ni. 


Tall marrow-Htcin . . 

.. j 47'2 

.52-8 

43-3 

'r 

: 0(v7 

33-7 

dd3 

MediuTii iiiaiTow-rtteni 

.. 5«-4 I 

43(! 

47 0 

i 53-0 

42-7 

57-3 

Thousaml-headcal . , 

7H-2 1 

1 

23-8 

73-8 

! 26-2 

ttK-8 

33-2 

t.»f Kalo. 

: 

j 11/0/40. 

1 

Avoniye 

(I'Vnir IVrIoils). 

Averajjo Yiel(! 

in Ll)./rioi 
(Four FerlodsL 


j r,eaf. 


Loaf. 

j stem. 

l.eMf. 

Stem. 

Tall marrow- stem , . 

,. j 31 0 


3S-8 

1 

j 01-2 

130 

21-4 

Med i u m i ii u rro w - stem 

.. 1 40-7 

59-3 

4fP7 

i r>3-3 

13 3 

1.5- 1 

ThoU'tanfl* headed . . 

. . i do * H 
i 

34-4 

70 • d 

1 29-4 

lS-0 

7 ■ o 


Comments on Table IV.- (i) In all cawses the proportion of leaf to stem 
decreased as the plants matured, though to a le8.ser extent in thousand- 
headed kale than in the marrow-stern kale. This may be accounted for by 
the fact that as the marrow'-stein kale plants mature the stem continues to 
develop, whereas the bulk of foliage is not increased proportionately, due in 
part to a shedding of the low^er leaves. 

(ii) At all periods thousand-headed kale gave the greatest proportion of 
leaf to stem and, over the four periods, the highest yield of leaf. The tall 
marrow-stem kale selection gave the lowest percentage of leaf and the highest 
percentage and yield of stem. 

(d) Stem Fractionation 

The stem of the kales is composed of three distinct layers : (a) the 
cortex, which for fractionation purposes included all tissues up to the 
xylem ; (h) the xylem or wood ; and (c) the pith or marrow (see Fig. 2), 
In order to determine the proportion of these components in the three types, 
ten representative plants were taken at each weighing and, from a similar 
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position along the length of the stems, a portion 3 in. long was removed 
and separated into cortex, wood, and marrow ; these fractions were weighed 
and the percentage of each calculated. Kesults obtained are ]>resented in 
Table V. 



Fig. 2 . — Diagrammatic cross-section of the stems 
of (a) thoiisand-heacleci kale ; {b) marrow- 
stem kale, illustrating the relative i)n>- 
portions of cortex, rind or wood, and 
marrow. 


Table V.--Peiicentage.s of Cortex, Woon, and Marrow, on a Green - wEicmr 
Basis, in TtiB Stems of the Three Types at Different Periods 


i l)/*i/40. 

Typo of Kale. j : 

1 CoiTex. 1 Wood. 

1 1 

Marrow. 

(■ortex. 

7/:i-'40. ! 115/4 '10. 

! 

Wood. iM.*irro\v.i('ortex . 1 Woiul. Muriovv, 

• i i 1 

Tall marrow-sicni .. ' 27-3 j 10*.S 
Medium raarrow-stein | 30-3 j 16*2 
Thousand-headed . . j 32 -4- | 23-1 

i ! 

55*9 

54-5 

44-6 

28*4 
26 '3 
31-6 

18- 4 i .')S'2 ! 2rc(i i 

19 - 9 i 58-8 :)0 » i 

32-9 1 35-.5 28-7 

! 1 

23 4 50*0 

21- 1 1 48*6 
39- 1 : 32-2 

1 l:Vi>/40 -D/G/H). 

Tyne of Kale. j 

■ 

Average J*er(.ruta|ie 
(Four Feriwis). 

AA’era^e Vield 
of Marrow in 
!*omids i>or 
riot (Four 
Ferioda). 

Cortex. W’ood. Marrow'. 

(•urtex. 1 Wood. | Marrow'. 


Tall maiTow-8tem 

26-4 

20 -0 

53*6 

27-2 I 

19*6 

1 

53*2 I 

11*4 

Medium marrow-stem 

27-5 

22*0 

50*5 

28-6 ! 

19*6 

51*8 i 

7*9 

Thousand-headed 

-1 

31-0 

! 

34*6 

34-4 

310 

i 

32-4 

36*6 

2*7 


Comments on Table F. — (i) In the marrow-stem kale types the marrow 
on an average constituted approximately 50 per cent, of the stem and the 
*vrood 20 per cent. ; ip the stem of thousand-headed kale there w^as 
approximately 36 per cent, marrow and 32 per cent. wood. 

(ii) Between the marrow-stern kale types there was comparatively little 
difference in the percentages of each separate at each period. Over all 
periods, however, the tall marrow-.stenfi kale type gave the highest yield of 
marrow. 

(iii) In all types, as the crop matured, up to the third period the 

preentage of wood increased, while that of the marrow decreased ; at the 
fourth period, excepting in the ca^ of the medium marrow-stem kale type, 
there oceppred a decrease in the percentage of wood. < 
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(e) Grazing 

To deteriiiine if there were any stock preference either for the leaf or 
for the stem amongst the three tyi)es, a grazing trial was carried ont. As 
mentioned previously, six ewes wc^re put on each series after the first records 
were taken. They were allowed to remain for approximately four days, 
when weighings and samplings were made of the grazed subplots ; from the 
data obtaine<l were calculated the ])ercentages of leaf, stem, and total forage 
consumed during the four-day period, and the results obtained an* ]>resented 
in Table VI. 


Tablk \'f. -Perckntaces ok I^kak. Stem, ani> ToTAii Foraoe (jkazeu di king Four 
Days khom each Type at Difkerknt Periuj)s 


i 


a/L’,'40. 



7 3 /40. 

i' 

MV/4/40. 


lype of Ka!»‘. 1 


Sieni. 

Total. ! 

i 

Leaf. 

Stein. ! 

fotul. i Lt-af. 

1 

Slein. 1 

: i 

'fotal. 

Tali niarrow-.'^tEin . . j 

92 -9 i 

4H-9 

! d8-9 ( 

74*8 

! 32- 9 i 

51*3 ; 82-2 

i 20*0 i 

41*6 

Medium niarrow-Hteiu i 

85*4 i 

35*0 

i 94* J : 

81 *3 

; 31*7 ' 

55-5 . 72*5 

i 13*2 i 

38*8 

Th(ui«an(l-lu*adcd . . ; 

7.0 - 4 ■ 

0 

; 58-3 : 

50*0 

0 

i i_ 

37-4 = 79-9 

1 ■> 1 

51*4 


* ft 'f; 1 1 I .Average I’ert enraueA and Amounts, in Pounds, per 

I I. / 4 t. I Plot lonsmnt'd rtvfT Four Periods, 

I I,paf. I Stem, j Total. ; Leaf. Stern. ’ I'otal. 

i I Per \ i Per ! I Per i 

» I Cent. 1 ilt. > Cent, j Ih. 1 Cent. ! lb. 

Tall marrow-stem .. | tiH-4 29-4 j 41-8 ! 79*5 | 10*8 j 2 I (>-9 | 50-9 { 17*7 

Medium marrow- stem ! 4S-(i 13-4 i 27-7 | 71 *9 j 9*9 ! 23*3 i 3*5 ' 49*5 1 13*1 

Thonsaud-headed .. ■ 82*0 o ; 54*7 i 71*0 j 12*8 , o : 0 i 50*4 | 12*8 

Comments on Table VI . — (i) In the early stages tin* animals consumed 
a higher proportion of the leaf of the tall and medium marrow-stem kales 
than of the thousand-headed kale : in the later stages, however, this position 
was reversed. The development of fresh foliage in thousand-headed kale 
about the third period probably accounts for the greater percentage eaten 
at the last stage. These results tend to confirm the opinion T(*cognized in 
practi(*e that thousand-Iieaded kale is suited more particularly for late 
feeding. 

(ii) Over the four periods the sheep consumed a greater total weight of 
leaf of thousand-headed kale than of the marrow-stem kale. 

(iii) The stem of the marrow-stem kale was eaten to a greater extent in 
the early stages than later ; over all periods approximately 30 per cent, was 
consumed, whereas that of thousand-headed kale was untouched. 

(iv) Over the four periods approximately equal proportions of the total 
forage available from each type were eaten ; the greatest actual weight, 
however, was consumed from the tall marrow-stem kale type. 

After weighing and sampling had been completed, the animals were 
again admitted to the plots and allowed to finish the grazing. Weighings 
were then taken of what stem remained, and from the figures obtained it 
was possible to calculate the percentage of leaf, stem, and total forage 
grazed finally from each type ; the results are presented in Table VII. 
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Table VIL— Percentages of Leaf, Stem, ano Total Forage grazed from each 
Type after the Final FsFiDiNGs at each Period 




l)/2/4l). 



in/4/40. 

TyiM? of Kale. 

• 









Leaf. 

Stem. 

Total. 

Leaf. 

Stem. 

'Total. 

Leaf. 

Stem. 

Total. 

Tall marrow -8t<em . . 

100 

'so -3 

89-0 

KK) 

03-4 

79-6 

100 

00' 1 

78'3 

Medium marrow-stem 

100 

00 *0 

85-2 

1(K) 

08-3 

83- 1 

UK) 


72-1 

Thousn nd-headed 

UK) 

29-6 

83- 1 

100 

0 

74 1 

100 

25'.') 

75-2 





Avoroce Percentajie arnl Amounts in 



i;V.V40-ii/($/40. 


Pounds 

per Plot 

eouKumed over 


Type of Kale. 






Four Periods. 



l.(Caf. 

Stem. 

Total. 

J^af. 

Stem. 

Total. 





Per 


Per 


Per 


1 




Cent. 

It). 

Cent. 

lb. 

Out . 

lb. 

Tall marrow-stem . . 

100 

74 0 

83-4 

KM) 

13*0 

7M 

ir>.2 

82 '3 

28-8 

Medium marrow-stem 

100 

58*7 

75- 1 

KM) 

13-3 

01-2 

9-1 

78-9 

22*4 

Thousand-headed . . 

100 

18-6 

72 0 

1(M) 

18-0 

18-4 

1-4 

70-1 

19-4 


Comments on Table VII. — (i) At all stages 100 per cent, of the leaf of each 
type was eaten, which over the four periods is equivalent to an average 
of approximately 131b. per plot of the marrow-stem kale types and to 
an average of approximately 18 lb. per plot of the thousand-headed kale. 

(ii) At each period the stem of the marrow-stern kale types was eaten 
to a greater extent than that of thousand-headed kale. Over the four 
periods the sheep consumed 71 •! per cent., or 15*2 lb., of the stem of the 
tall marrow-stem kale type, 61*2 per cent., or 9*1 lb., of the stem of the 
medium marrow-stem kale type, and 18*4 per cent., or 1*4 lb., of the stem 
of thousand-headed kale. 

(iii) Of the total forage available from each type, approximately equal 
proportions w*ere eaten over the four periods ; in terms of actual amounts, 
though, the greatest weight (28*8 lb.) was consumed from the tall marrow- 
stem kale type. 

(/) Chemical Composition and Nutritive Value 

Although, as indicated previously, no chemical analyses were undertaken 
on samples from the trial plots, it is interesting to consider the above 
results in relation to the findings of Woodman, Evans, and Eden, who 
investigated in detail the composition of the kales, and in Table VIII are 
presented some data relating to the composition on the basis of absolute 
dry matter of leaf, marrow, and rind of singled-out marrow-stem kale. 


Table VIII.— Composition (on Basis of Absolute Dry Matter) of Leaf, Harrow, 
AND Rind cw Singled -out Marrow-stem Kale (Woodman, Evans, and Eden) 


Fraction. 

Bry 

Matter. 

Crude 

Protein. 

: Ether , 
Extract. 1 

1 I 

N-^free 

Extract. 

Crude 

Fibre. 

Aah. 


Leal .. 

Marrow . . . - 

Bind 

Per Cent. 
12-20 
8-57 
10-64 

■ ! 

Per Cent. 
13*87 
12 03 
7-72 

Per Cent. 
3-33 
1'34 
0*81 

Per Cent. 
5d*4» 
68'38 
56-34 

Per Cent. 

12- 46, 

13- 00 
29-08 

Per C^nt. 
14-86 
16*18 
7-06 

Per Cent. 
1-03 
3-98 
1-09 
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These results indicate that the “ leaf was the richest in crude protein 
{13-87 per cent , of the dry matter), the percentage of non -protein nitrogenous 
matter being (piite small (l-()3 per cent.). The rind contained the smallest 
percentage of crude f>roteiii, while the marrow (12*03 per cent.) was only 
slightly poorer than the leaf. The marrow, however, was much richer 
in ‘ amides ’ than either the leaf or rind, no less than 3*98 per cent, of its 
dry matter being composed of this simple form of nitrogen.'’ In regard 
to ether extract, the leaves again contained the highest percentage, but 
were the j.)oorest in crude fibre content, the most fibrous jiortion being 
the rind, the dry matter of which contained as nmch as 29*1 per cent. 

Other results of Woodman, Evans, and Eden revealed the fact that 
the leaves are ri(diest in lime and inorganic sulphur, while the marrow 
contained, on the dry-matter basis, the highest percentage of (ihosphoric 
a(‘id, potash, soda, and magnesia. 

From these results it would ap])(*ar that in marrow-stem kale both 
the leaves and tlu‘ niariow are <piite nutritious, but that the rind is of low 
feeding- value. Thus it might he concluded that the most d(‘sirable type 
would be one composed of [)lants which ])ossesspd a high proportion of 
leaf to stem and which develojjed steins gi\'ing a high yield of marrow. 
Of the selections under review, the medium type has a higher proportion 
of leaf to stem than the tall tvfie (Table IV), but this deficiency in the 
tall tv})e is compensated for by the high<*r yield of marrow (Table V). 

Woodman, Evans, and Eden also undertook a series of analyses of 
<u)mposite samples of marrow-stem kale and of thousand-headed kale, and 
the averages of some of the data they obtained are shown in Table IX. 


T 


ABLE LX. — LoMlHKSJTJtlN ON BaSIS OF DhY MaTTER OF ( ’OxMPOSlTE SAMI'LKS OF 
Marrow ^ sTE.M Kai.f am» of TH(»rsANT )> headed Kale 


I'yee of 


Knlc. 


> I 

Dry i’riidi* Ether i Crude 

Mutter. i'roteiii. ; Extrurt. i Extract. Eihre, 


Aish. 


:“Amides.'’ 


j V(‘r Cent . | Per (.-eiit. 
Manow-Htem .. j a j 15- 01 

Thoiisami- headed .. | l.^ S | 13-5.5 


! Per I'eiil. j Per Cent, 
j 2 00 t 50 - 01 
1 2-30 I 53-57 


i 


Per Ceut. j Per C(fut. ; 
lS -27 i 13-20 i 
10 -S 8 j lO-OO i 


Per Ceut. 
4-30 
3-04 


These results indicate a close resemblance in chemical composition, on 
the basis of dry matter, between composite samples of marrow-stem kale 
and of thousand-headed kale, and it could be inferred that their feeding-value 
depends largely on the total yield of dry matter per acre produced by each. 
Thousand-headed kale has a higher dry-matter percentage than marrow-stem 
kale, but this advantage's minimized by its lower total green- w^eight yield 
(Table III). 

In respect to the composition of kales, Woodman, Evans, and Eden 
state “that an important finding was the discovery of their very high 
content of mineral matter, which is distinguished by its richness in lime, 
chlorine, potash, and sulphur. Satisfactory amounts of iron and magnesia 
together with an amount of phosphoric acid about equal to that in 
flowering lucerne are also preseht. As a source of minerals the kale crops 
are very much superior to swedes.*' 
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Discussion 

As the results presented have been obtained from only one trial in one 
locality it is evident that they must be regarded with due caution; 
nevertheless, they do provide some indication as to the comparative 
behaviour of the different types. 

When the trials were arranged it was cotisidered that it might be possible 
to determine which of the types might be the most satisfactory for forage 
purposes. From the results, though, it is somewhat difficult to differentiate 
between the three. Each is a useful fodder plant, and although the tali 
marrow-stem kale type gave the highest total yield, the highest dry-matter 
5 deld, and had the greatest total amount consumed, yet thousand-headed 
kale gave the highest dry-matter percentage, the highest percentage and 
yield of leaf, and had the greatest amount of leaf eaten. In the absence, 
therefore, of data relating to the effect of each type on the animal itself 
it is not an easy matter to determine which might liave th(;‘ highest 
feeding-value. Each, however, might serve some particular purpose of its 
own ; for instance, it is possible that the tall marrow'-stem kale type 
might be most suited for feeding cattle during the late autumn and early 
winter, the medium marrow-stem kale type for feeding sheep during a 
similar period, and thousand-headed kale, in accordance with present 
custom, for feeding both cattle and shee}) in the late winter and early spring. 

Seed-supplies of (‘ach of the three selected t\"pes have been built up 
and are to be distributed commercially through the certification scheme 
administered by the Department of Agriculture. To differentiate them from 
commercial stocks, the tall marrow-stem kale type is to be known as 
Government certified giant chou moellier,” the medium marrow-stem 
kale type as “ Government certified medium-stemmed chou moellier,^* and 
the thousand-headed kale as “ Government certified thousand-headed kale.” 
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CANTERBURY LAMB 

By 1). E. Walker and C. P. McMekkan, Animal Re^soarrh Statian, 
Department of Agriculture, Riiakura, Hannlton 


Summary 

(1) (‘ertain rcdaiioiiHhipR betw^seii linear carcaHs mea»iironient» and the 
ipiantitatlve eoinpofjition of the carcaaa have t>een eataldiahed. 

(2) Attention ha« been given chiefly tf> the nac of external measurements 
to provide indieoM of carcass compoaitimi. 

(3) Certain internal ineasurementR have an important qualitative 
significaniK*. although they are not ne<*eHRarily associated with the grona 
com position of the (carcass, 

(4) ExteniaJ measureinents t>^^'’*ded several .suitable indices of muscle 
development. Idcngth of tibia j tarsus x width of gigots yielded tht^ highest 
correlation coefKc'umt. “Length” of “eye muscle” was the only intmial 
measurement tested which gave a significant correlation wdth muscle. 

(5) Four of Piilsson’s highest corrt^lations betivcen measurements and the 
muscle : boiw! ratio have la»en testwl in w-->s(jec‘t to Canterbury lamb. Two of 
thew provtHl highly significant and the other twa> lu^t significant. 

(6) The total weight of Ixme in the carcass (excluding head and fixit) was 
found to bt‘ strongly correlAted with the total weight of muscle. 

(7) The external measmxMxtents that show strong correlations wdth 
muscle will therefore be (*orrelatod with bone. 8ince such measurements arc 
mainly indicative of skeletal development, the correlations are likely to be 
stronger in respect to bone. This has been shown to be so in the case of length of 
tibia 4- tarsus x width of gigots, which thus provides a good index of both 
bone and muscle. 

(B) Length of tibia 4 tarsus x width, of gigots has been tested for both 
b<me and nufsole in the two main lines of North Island lamb and its validity 
established. 

(9) No dijwset or indireet (xurelation between external measurements and 
fat in the carcass was found. Palsson’s negative correlation for leg length 
agamst fat expxessed as a percentage of bone did not hold for Canterbury 
iamK v 

(1^) It is suggested that since reliable indices of muscle and bone are 
available, and the average percentage of waste is known from dissection results, 
the figure for fat can best be derived by calculating tlie ilifFerence between 
carcass Avejght waste and the estimated weight of muscle 4 Imne. 


V INTRpDDCTIOK 

The study of form may be demnptive mei^v* or it may become analyticaL 
We begin* by demiibing the shape^^ o the simple words of common 

i we end by definte it In the mfemse lahgua^ of mk,thematios ; and 
, the nim methed teims to tlm othm^ in stdet scientific order and histonca V 
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Bcsed of comparable foundation work for each population. An attempt has 
been made in Part I to establish such criteria fot New Zealand Ganterbury 
lamb. 

Carcass measurements, alone, have proved of some use in evaluating 
breed diflFerences (PaIsson(6), Hirzel(8), and Bonsma(9) in sheep; Hankins 
ft aL(lO) in beef and dual-purpose* cattle). Various measurements on 
flifperent breeds and crosses of Canterbury lambs have been analysed in 
Part II to |)rovide a measure of the variance! which exists between different 
populations. The data have pennitted examination of the effect of sex and 
nutrition. 

Since nutrition is the major environmental factor producing variation 
in animal fbrm and composition, opportunity has been taken of measuring 
the variances in different breeds and crosses raisf^d under identical con- 
ditioiis. The results, rejiorted in Part III, are of direct interest in relation 
to problems associated with breeding and feeding, where control of environ- 
mental effects is important. The same data have provided information on 
the rate of growth of New Zealand fat lambs under a high plarn? of nutrition 
conditioBS. 

PAKT I.~CAilCA8S ME.ASUREMENTB AS INDICES OF QUALITY 

In the study of tlie meat animal the linear measurements commonly 
employed fall into tw(» main classes : (a) External ; (h) int<?rnal. In general, 
external measures are descriptive of body form or conformation, and par- 
^ticularly of skeletal development. On the other hand, internal measures 
iiire more useful as indices of composition - of the relative proportion of 
hone, muscle, and fat. Both types of measurement must be employed in 
the study of meat quality, since both oonforrnation and composition are of 
importance. 

Some measures have dominantly a qualitative significance; others are 
justifiable on (juantitative grounds. A good example of the former ty]ie 
is the •* thickness ” of the longissiinus dorsi muscle. This measure has no 
direct quantitative relationship to muscle development, though a " deep 
eye muscle appears larger than a shallow one. The optical illusion thus 
created confers a market superiority on the deep-mu.scled caim.ss which its 
actual amount of muscle may not warrant. In like maimer, the length of 
leg is of importance in bemg relatiKl to the shape of the hindquarters, which 
tend to be more blocky, yielding larger cuts of meat than long-legged carcasses. 

On the other hand, an example of a measure having mainly a quantitative 
significance is the length of the “ cannon ” bone. Though this bone is 
removed as waste at slaughter and thus has no qualitative significance 
to the consumer, it is a useful index of t^ amount of bone in the carcass. 

The importance of many of the so-called purely qualitative ’’ measure 
is largely a matter of opinion, while their significance undoubtedly varies 
in different markets and even in the same market at different The 

'‘ quantitative ■ ' aspects of meat quality* however, are of more stable value. 

In this section the relationship of certain readily obtainable measurements 
to carcass CvOmpositipn is therefore the 'niain concern. Attention has Ijeen 
iiihited to external measurements, sihOe it is not practicable under ooidw 
conditibna to obtain inteiMb measurements of fatdamb 

An inV^tigatipn^^m the nutritive value of New Zeal^^^ ex{K>jrt*quatity 
lamb and mutton was recently undertaken by New Zealand workeiafS-).- 
In the course of this ; investigation carca^ ineasuretfi:^^ taten an4 ^ 
compl^W anatoipiical dissection ^oups of carcassed 
.■.:sentative .of itfc'; 

■:.:i>rovided -s' 
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Canterbury lanib is gra<le<i accordiBg to weight and quality of the 
carcasses ^ 

Prime-quality Lambs 

24-3b lb. . . . . . . . . Grade mark 2 

37-42 lb „ 8 

4V50lb. .. .. .. „ 4 

Seeond-tiuality lambs — 

IJiuier 37 ib. . . . . Grade mark Y1 or Y. 

Over 37 lb. . . . . . . . . „ Y2 or YH. 

Ten carimsses froiji,each grade w’ere selected for dissection after three months 
in cokl store. One “ bay ’’ of five hundred lambs }>er weight; grade was 
selected at random in th(' Islington Freezing-works, Canterburv. The 
ten carcasses were selected fri>m each bay at random on a restricted 
vreight basis so that the complete range of weight of the giuide was represented, 
and the average weight of the Urn etjualled the average weight of the grade. 
Each .series of ten inclu(le<l three (‘arcasses of the Down Cross type to cover 
the per cent, such (aircasses normally included in “ Canterbury or 
8t)uth Jslaud lambs. 

In this section grades 2 and 8 Cunterburv lamlis have l)een more 
sjjecificaliy dealt with, since the carcas.ses involved in the breed study of 
Part; 11 fall irjto tbc.S(^ two grade.s. However, the nuxst satisfactorv eornla- 
tions have been extended to etnl>ra€e Grade 4 lambs to cover the complete 
range of first-quality export lamb. Further, the Kirwee lambs dealt with 
ill Part 111, to which these correlations have been ajiplied, include lambs 
within all three weight grades. 

To test tht‘ validity of the chief relatio!)ship.s, 'similar correlations have 
been calculated for North Island Prime Cross and Down Cross lambs. 

It will be noted (Tables I V) that the number of lambs involved in each 
grade fall short of ten in certain cases. This is due to the omission of carcasses 
for which relevant measurement data wei*e not available. 

The method of analysis used has b(?en one of .simple^ correlation on the 
basis of absolute values for both variates. Kegrt*ssion tMjuations have been 
calculated where the correlation coefiicient^ are most significant. 

The technique folh^wed in the dissection work and the method of obtaining 
the various measurements use<l in this and in other parts of this stud\^ have 
been describt^d by Pal8son(6) and the same mnnenclature has been employed. 
This is as follows (see sl«?tch on following page)*: — 

Ejdmiul Me^mrements — 

F leg length, 

G width of gigots. 

L — length of body from the symphysis pubis to the anterior 
edge of the middle of the first rib, 

M length of the fore cannon (metacarpal). 

T len^h of tibia + tarsus from the tubercle on the proximal end 

of the tibia to the anterior e<ige of the distal end of the 
■■ :tar^L‘ 

Th =5^ depth of thorax. The maximum depth of chest behind the 
Aouldera. 

IfUmidd M^mim0ni» {on ettm 

A « length of eye muscle distance across 

the crosS'*86ction surfisoe of the lon^ssimus dorsi &bm the 
end next thb spinal process outwards along the rib- 
B ssa ” depth*’ of “eye muscle ”-^the greatest distance at right 
,, - ehgles A on the same surface. 
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A. MeAS(tkEMENT.S A8 lNl>tORS OF THF, AMOUNT OP MuSCLE 
(I) External Meamrements 


Althouujh tlj<‘S(‘ arc essentially more indicative of skeletal size than of 
nuisele or fat dcvelopnH'iit, s(‘veral highly-aignificant corTelatigns have been 



Sketch A.— Carcass meaauremeat. 


obtained between Various external measurements and the total weight of 
muscle in the carcass. Since the^carcasses had been telescojjed* for export, 
the otily external measi^ available were G, P, and T, It a}>l>eara . 

♦For the carcasses are ahd 

charters “ telescoping •’ into the foreqimrters ui order to cpn^ire shipping 
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that F ill Buch cases is not a very relialilc measureineiit to use, since the 
telescoping is liable to result in some degree of distortion. This was noticeable 
in data relating to some of the North island lambs, althongli as regards the 
Gariterhury lambs the F measurement.s obtained agreed satisfactorily with 
those collected on other comjiarabh* lines (se(^ Fart 11). However, the most 
highly significant correlations obtained did not in\’olve the use ofF. Table 1 
sbow.s the different correlations. 


rAai.K 1. - (V)HKEI.ATION HIOTWEEN KXTEIi>AI. (‘aICASS M pUS THEM ENTS AXI> 

WEimiT or Mi'sci.E (ORAras), (exclj tunc; Ukaj) \m> Feist) 
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V. 
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(Or.-on>i. 

Slftndar<l 
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((iruinw). 
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correlation with total niuseh^ wthght. F, F >c 4’, T, ’ and (4 also 

showed significant eorrelations of a low^er order. '' 


(2) Interwif Measureniatti^ 

The relationships lietween a few internal measureimMits and the total 
weight of muscle or the total weight of muscle exj>ress(*d as a perctmtage of 
the skeletal weight have been investigated, and tiic results are shown in 
Tables If and III. 


TaBI.E TI. — COHRICLATION BETWEEN InTERN.AL MEASUREMENTS AND WeKJUT OE 
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Length of tte eye muscle, A, is arii early-developing characteristic and as 
Bud) may be expected to provide a reasonably-good indication of general 
muscle development since it is measured in the late-developing loin xe^on. 
IPbis was found to be the case. The correlation coefficient, although ncft of 

Jarticntariy high 0^ ' 
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McMeekaii(5) found A X B, an approximation of the surface area of the 
“ eye,” to show a fairly high correlation with total weight of muscle in 
bacon pigs. However, this correlation in respect to iambs was not significant, 

Deptli of eyv muscle, B, is a later-developing feature and hence, in 
laiul>s, cannot he expected to provide a direct satisfactory index of muscle 
develo})nient. The correlation coefficient in this case is low, and is obviously 
not sigiiific^ant. However, B correlates significantly with the muscle : bone 

B 

ratio as shown in Table III. The shape index ^ x 100, and also the depth 

B, have been ext/ensively used by different workers in studying meat qualities. 
The emphasis laid on these measurements can be justified from the qualitative 
rather than the quantitative point of view. Although there may be no 
direct correlation between these measurements and carcass composition, 
nevertheless they are important in themselves. A good depth of muscle 
and a high ratio of depth to length in this region is essential from the com- 
mercial {K>int of view. The loin is the most valuable part of the carcass, 
and it is tin* shape rather than the area of muscle which . determines its 
suitability for high-quality and high-priced trade. While B provides a 
strongly significant correlation coefficient with the muscle : bone ratio, the 

correlation between x KK) and either the total weight of muscle alone or 
A 

ejxj)ressed as a p(»rcentag(‘ of the skeletal weight is not significant. 

TABI.E 111. — ('OKHEiaTlON BETVVKEK MeaHUHEMENTS AND WeIOHT OF M( SCJLIT 
KXrUESSED AS A PeRCBNTAOE OF WEIGHT OF BONE 
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The formulse used by Palsson in determining his two highest correlations 
between external measurements and the muscle : bon^ ratio have been tested 


pui in application t»o Canterbury grades 2 mid 8 lambs. The results are 
shown in Table III. F — T, which Palsson found to be strongly correlated 
hegntively with the total weight of muscle expressed as a pereentftgp of the 
total weight of skeleton, provided only a non significant negative correlation 


for<3anterbury kmb. ■ i x 100, however, gave a strongly-s^nificant positive 


correlation, timufifi of rather low prder--appreoiabIy lower than Paleecm’^^^ 
On the other hand, T X G, which piovided the most of ; 

muscle deyeiopmentj, in lamb gave a non-rigtfificairt correktb^n 

wheh 
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III respect to intenial nieasureineiits, the correlatioii between B and tin* 
inuticle : bone ratio was significant at the 1 jier cent, lev el for Canterburv 

B 

lamb and at. the 2 per cent, level for Palss^^nfs material, ^ x KX), iiowever, 

A 

gave only a non-significant correlation for Canterlnirv lamb, whereas Palsson 
obtained a highly-significant correlation. For direct correlations with muscle 
the coefficients obtained with B were not significant in eitlntr case, while A 
was significant at the 1 pm' cent. h;vel for Canterbury lamb and at the 
5 per cent, level for Palsson \s material (Table II). 

Altbough there is a difTerence between the carcass weiglits of the 
Canterbury lamb (grades 2 and 8 : 24 42 lb. : and grades 2, 8, and 
4: 24” 50 lb.,) and the material used l»v Palsstm (all approximately 431b.), 
it is considered that the main reason for the difference in th<‘ results is the 
variability due to breed existing in Palsson's material. It would a]»|>ear 
that the relatioii.shi|»s esfablislied by him were largely fortuitous. 

JL Measurements as Indices of the Amount of Bone 

A high correlation (r -- 0*9295) was obtained between the total weigfit 
of bom* in the earcass (excluding head and feet) and the total weight of 
muscle, 

TaHLK IV. UOKHKLVTION IJKTWEKN TotAL WKKaiT UP HoNE AND 1'uTAL AN’kioUT UP 

MrscLK ((jJkams) 

; ! ' I 
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’ ! Pairs* i • KOrams*) 

j ]_ _i 

(■aatcrbury lamb — j : ! ! ; 

and 8’s .. .. I S Total weight of bone .. j 0 -930 ! 8S i 40 1 

This supports the contention that skeletal development is a prerecjuisite 
f<vr maxinuiin muscular development. In view of this fact, such correlations 
as hold betw'een the various Tneasureinents and the total wtnght of nniscde 
may be expected to hold for the total weight of bone. The T X G formula, 
which proved to be the most satisfactorv index of muscle development, was 
found to have an even higher correlation with the total Nveight of bone. 
Since caroaas measurements are mainly indicative of skeletal development, 
this is as might be expected. 


Taju.r V.— ("oeuklatjon betw'bex External Carcass Measurements an d 
Wkioht or Bonk (Grams) 
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^ ifor North liitaiiii Dtvvrii Oroaii IahiIja (3^8, and rs) r « OSlri for the T x 0 ineAAitrenK^nt. 
4IM Ibr Koiih Ifttaigl Oroaa tobo * hM 4?«) r =« 0*!F)o. 
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In view of the strength of the T x fl correlation, and as the convenience 
' of employing the same measurements for both bone and muscle estimation 
is obvious, no fiirther oorrektions were calculated except that between 
and total bone. The cannon bones, which have been used to provide indices 
of skeletal growth (Hiitninond(2), Palsson(6) in sheep ; McMeekan(r)) in 
pigs) were not av'ailable. 

The T X (4 correlation has been tested ojit on the two lines of North 
Island land)s. Here the correlation coefficients were also strongly significant. 

C. Measurements as Indices of the Amount of Fat 

Since fat deposits are largely independent of skeletal development, and 
since the primary dimension in regard to fat depots is that of depth, it 
would be unreasonable to expect any close association between linear carcass 
measurements and the total amount of fat in the carcass. Any such correla- 
tions as might exist would necessarily be purely fortuitous. In this investi- 
gation no correlations were obtamed between external measurements and 
the total weight of bit in carcasses. Internal measurements (such as those 
relating to fat (h‘pths at the last rib cut) undoubtedly offer better scope, 
but they hav(‘ not l)een considered here owing to the im})racti('al>ility of 
obtaining them (‘.xcept under special conditions. The aim has been to provide 
indices which do not involve cutting the carcass and which can be (drained 
under cojumercial coral it ions. 

The best method that can be suggested for estimating the amount 
of fat is that of difTeumce between the total carcass weight and the 
weight of boiui 4- muscle after allowing 2*5 per cent, off* the carcass weigljt 
for wastage, (tendons, ligaments, &c,). This figure is based on tlic actind 
dissection results of approximately one hundred and twenty lambs of all 
weights and grades(13). Oalcuktioris by thi.s method approximate very 
closely to the weights obtained in dissection. 

Palsson found a high!} -significant negative correlation to exist Iretween 
F and the weight of fat exjnessed as a percentage of the weight of bones. 
There is no correlation between .-imikr data For Canterbury lamb. 
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PART 11. -COMPABATIVK MEA^SURKMENTS OF CANTERBURY 

LAMB 


Summary 

(1) With th<* object «>(* obtaining factual data on ' Uatiterburv lamb” of 
<‘\'port <fniditv, Jargt* sanij^les representative of the more important types- lia^e 
been studied, usii»g the eareass- measurement U*ehiiique *)f PulssoidO). 

(2) The material tivailal»le has permitted a eoin])arisoii of the three major 
brt'ecls — C!orne<lale.iSouthdown > Uorri<*daIe, and Romney X ( 'orriedaji^ — at both 
light and lu-avy weights. The superiority of Southdown Cross lambs has been 
demonstrated. 

(3) ( Jornf)arutive {'a?’ea.s.s data is also presented of laml)s fattened off the 
mother (milk laml>s) ami lambs fattened on rapt‘ after weaning (rape lambs). 
Hn-ed haw been .shown to inftuen<*e the re.s:p<»n.se to method of feeding. Southdown 
< 'r<»ss lambs improve slightly under rap<‘ ft-eding, and CorrieflaU* lambs deteriorate 
in cpiality. Thus the superiority of the Southdown Cross lamhs (n ei the Corriedale 
a|)pears to apply with even greater <‘ffeet where rape fattening is necessary. 

(4) The (‘fleet of sev upon careass (jimlity in fat lambs has also been 
evaluated. Differf nei'S between c‘we and wether lambs exist, but appear to 
b<‘ of minoi* economic imp<»rtanec in the breeds, crosses, and >^•eights .studied. 

FA’f-bASiit ]>n>(JuctiDn in <’anterl>urv is based upon the us(‘ of the so-called 
“ fine-w'ooiled ’ (^\v(‘. Ideally suited by virtue of couiparatively poor 
nutritive eonrlitions to the growth of this type of wool, the Canterbury Plains 
have become tlomiriitntly stock(.‘d i>y the small-bodied Corriedale * -a brt^ed 
deri\'t*d from a Merino- Jdricoln- Leicester base. Ewes of thi.s breed l)ecomo 
the mothers of fat lamits. On tin* better-class country, “ cast for age *' 
(*\v(‘s are. mated t(t the Soutlidown ram for specializtal fat-lamb production, 
all progeny being slaughtcrtHl. From the shee[)-breeding country and from 
lowland farms <*n»})loyitig self-maintaining Hocks, wether Corriedale lambs 
are likewise disposed ol‘. These twiCclasses compris(‘ the bulk of the export 
land). Of rec(‘nt years im]>roved })astiires on the foothill country have 
enabled th(‘ use of the Romney breed, and Romney X ('orriedale lambs now 
come forwui'd in fairly large numbers. 

Data oil these three major typ(*s are treated in this .section. The English 
Leicester, which was the principal bit-lamb sire bred with the fiiie-ivoolled 
ewe in the initial stages of the iinlustry, is now of minor iinportan(?e, haxdng 
been almost coinpletely replaced by the SJ). The B.L. Cross lamb is still 
piodueed, but is of importance mainly in res}>eet to the local market, since 
lambs of tbis cross are best marketable at heavy weights unacceptable to the 
London trade. Illustrations of the late-developing characteristics of the B.L. 
Cross will be available in Part ITl of this paper. 

While the relative merits, liased on farmer experience and works grading, 
are fairly well recognized, no attempt has yet been made to examine these 
breeds on a comparative measurement basis. Lack of factual information 
here is adequate justification for the present study. 

.In addition to breed differences, Canterbury fat-lamb production is 
•characterized by two types of lamb on a nutritive basis. Approximately 
half of the output is fattened off the mothers— the so-called milk lambs — 
while the i^nnainder are fattened after weaning on forage crops— the so- 
•cailed ‘‘rape lambs,-' Differences in quality arise from this cause, but, like 
breed differences, have never been the subject of careful investigation. 
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The sheep studied were raised on the farnis of the Canterbury Agricultural 
Goliege (Lincoln and Ashley Dene) and of the Department of Agriculture 
(Kirwee) and may ho considered typical of the average (Canterbury product. 
Ail lambs were picked for slaughter by a fatdainb buyer as in normal 
conimercial [practice, individually identified by ear tag, and slaughtered at 
the Kaiapoi works of the North Canterbury Farmers’ Preening Co. 

The ext(‘rnal immsuremerits described in Part I were taken on each carcass 
using a millimetre scale. The data have been examined on a basis of breed, 
weight, feed, and stjx. The weight grouping compares approximately to the 
commercial grades 2’s and 8’s. The significance of differences observed has 
been tested hy standard analysis of variance techniques. Throughout the 
following report any “ differences ” in carcass measurements to which 
reference is made are statistically significant. Refereiu’e to the ap])ropriate 
tables will indicate the level of significance of any difference. 

THE JNFLXTKNCE OF HRFRIX WEIGHT. AND FATTENING SYSTEM 

In the following comparisons light-w'^eight laml)s with a range in iiarca.ss 
weight from 321b. to 36 lb. are dcvsignated “light*’ ; heavier laml)s ranging 
from 36*1 lb. to 42 lb. ar(‘ designated “ heavy.” luamhs fatGmed off the 
mother are designated “ milk,” and those fattened on rape after weaning 
arc referred to as “ rayx' ” laml)s. 

(rt) WuUh ofGujots (G ). — This mea.siiTenu*nt, alone or in (.•omi)inatioii with 
others, is highly (‘orretated with the composition of th<‘ carca -is (Part 1). 
Essentially, it provides an index of tin* development of the hindquarter.^. 
Wide gigots are desirable from the |)()int of view of confi)rmatif)n, so that 
this measurement has both a qualitative and quantitative iruportance. 

The heavy-weight iambs are wider m the gigots than the light weights 
of the sHm(? l)re(*(l gr^^ajp. Amongst the light-weight lain))S the S.D. Gross 
group sliow*s a slightly better develo{)m(?nt in tlie gigots than the otliei‘ 
breed group.s, w}iil(> ammigst the heavy-weight lambs the (k>rriedales Iiave 
the widest gigots, although the. difference between this gr(m{» and the com- 
parabh* Romney x Gorriedale is not significant. There is no dilference in 
gigot development betwtxui the heavy S.l). (.’ross lambs and tlr* heavy 
Honmey X ('orriedale lambs. These (lifferenees are in line with tlu* late- 
developing character of this vn<msurem;‘nt(6). 
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It will be noted that the difterences recorded in width of gigots aVterajje 
only I min. to 3 mm., an amount that might be expected to be difficult to 
distinguish l)y eye judgment and therefore of little practical moment. Vet 
even a casual observer will readily place S.D. X Corriedale lambs as having 
larger and better developed hindquarters than Corriedale lambs of the 
same weight. Indeed, the differences readily apparent here largely 
determine the commercial grading of a carcass as Down Cross ” or “ Prime 
Cross,” the two major quality grades of New Zealand fat lamb. This 
situation emphasizes the very great difficulty of expressing, in terms of a 
single linear measurement, a character, such as develdpment of hindquarters, 
that exists in three dimensions. This same difficulty applies to all linear 
(!arcass measurements and must be taken into account in examining our 
data. Evtm small differences are often indicative of very significant carcass 
differences, and the fact that variations in form (an be evaluated at all in 
terms of a single linear measure should be counted of distinct practical 
importance. 

Table \'Ib. — f.NFi.i evce of Fattenino System on Wrorn of(tIoots (Mii.limktres) 
(M<»an rneawarements (rnilliiiU'trcs) iubI sJi^uilicHncc" of (iiftt'rfucc's) 


CroHi*. I (■orrk‘iiult\ 
Milk. ' ’ Milk. , l{a|H 


SS ; S ; SS OaT ' 342 

i 22:MU ; N8 ^ SS ^ 0 73 87 

I . . ! 222‘47 I SS ^ 0-47 • 2i>S 

! . .. : 2]tM8 I o-OO ; 00 

SS .•ii-itjifi 'Uii: .c l jn-;- k-vi'l ; s yi .tuiflf’Uit lO '» k»vi't ; NS »i(*r wi-iJiiftctui . 

The differencivs lu'lween the milk- jiud i'ap«^- fattened lambs within ea(*h 
bretd group arc* highly significant, although not as marked as those existing 
between the light- and heavy-weight lambs (Table Vln). Ha|)e-rattened 
»S.I). (boss lambs are wider in the gigots than the milk lami>s wliereas the 
rape-fattened Corriedale.s are narrower tiian thos? fattened off tlie motlKuvc 
The Corriedales fattened oft'tlu^ mothers are wider in G than the comparable 
iS.D. (Voss lambs. The gigot width in the rape-fiittened Coriiedales, ho>vever, 
is less than tlnit of the rajte-fattened »S.l). Cross lambs. It appears that 
backward Corriedale lambs do not benefit to the same (‘xtent as backward 
S.D. (Vo8.s lambs when fattened on rape after weaning. 

.{b) Length of Tihiu and Tamiit (T).- T alone is highly (‘orrelated with 
both total bone and muscle of the carcass. In combination with F and/or 
G, tliis measun?ment provkh»s an even more efficient index of bone and 
muscle (see Part 1), Whil ; a long T measurement is thus necessary for 
Evaximum muscle development of the carcass, it is unfortunate that great 
length in this part is associated wdth a badly-shaped and poorly -filled leg. 
In this char^mter, therefore, the demands of quality and quantity (conflict, 
and an optimum ’’ length b'f T must be sought whicii strikes a balanC ' 
between c<>mpo^^ and conformation. Thus, although the B.I). Cross 
provides tfhe most desirable type of leg joint from a. conformation viewpoint, 
a ©twmdale musefe. 
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Milk . 

|K’ 
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Rap* 
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Breed differences in regard to T may be v(^ry marked. The Corriedale 
is notoriously ‘‘ long in the leg,” yielding a poorly-shaped joint. On the 
other hand, the S.I). ( -ross lamb inherits the short leg of the S.D. and the leg 
joint is of the desirable ‘'blocky ” type. The Ronmey X (brriedalc falls 
intermediate in leg length between these two types, although the heavy- 
weight lambs in this group approximate in length of T to the light-weight 
Corriedales. 

Light-weight lambs witliin eindi breed group are shorter in T than heavy- 
weights. 

T is a nK*asure of an early-developing character((>). Accordingly, the 
heavy 8.1). Cross lambs do not show such a marked incn^ase^ over the light- 
w'eights in this re.speet as is found between the comparable classes of the 
later- maturing ( ’orriedale. 
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185 

Heavy 
Corriedale — 

.. j 178-70 

1 

88 

88 

88 

88 

i 

0-.>8 

j 

157 

light . . j 

! 

189-88 

88 

88 

.vs 

0-74 1 

97 

Heavy ,, i 

Romney X On - j 
riedale — | 

'!!!*! i 

i j 

j 

•* 

195-17 

88 


0-09 

m 

f 

Light 

.. ,! .. 



184-0l> 

ss 

1 1-09 

1 45 

Heavy 

;; 


« 


MU 18 

1-77 

17 


88 *= signUU-aiit at 1 per cent. U'vel ; S «= significant at per (jent. level ; NS =*= not slgalfit;attt. 


Feed differences in this measurement are not marked, breed appearing 
to be much more important (Table Vlln). Rape-fattened Corriedales do 
not differ in T from those fattened off their mothers. Tlie difference between 
the milk- and the rape-fattened S.D. Cross lambs, however, is significant, 
the latter lieing appreciably longer in T. Since T is an ejarly-developing 
character, it would appear that the S.D. Cross lambs which have suffered a 
setback in some form necessitating rape fattening either lose some o the 
early-maturing capacity of the S.I). or have not inherited it to the same 
extent as lambs which fatten off‘ their mothers. Either explanation fits 
the approach of rape-fattened S.D. Cross lambs towards the Corriedale type. 


Table VIIb. — Influence of Fattknino Sysstem on Lencth of Tibia + Taksus (T) 
(Mean measttrements (inillimetreH) and significance of differences) 



S.D. 

Cro8». 

Corriedale. 

S.R. of ■ 

Number 


AUlk. j 

Rape. 

MUk. 

Rape. 

Meaa. 

i 

lu 

(irtmp, 

S.I>. Cross^ 

Milk .. 

176-77 

88 

•SS 

88 ■ 

«-42 

342 

Rape , . . , . 

, .. 

179-72 

88 

' SS J 

0-84 

87 

Corriedale— 

Milk .. . . ; . . 



J02-7O 

' ■ m ■ i 

0-S4 

2m 

Rape . . . i . , 

■ ' * . 


•• 

mv8s 1 

, , 'i 

O-70 

09 


I per ^iit. lev^ I 8 slgnidcaiit at o per omtievi^ ; NS slgttflfceaRt. 
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(c) Prodmt of Lemfth of Tibia -j- Tamis ami WkUh of Gigofs (T x G ). — 
This formula has been fciund to provide the most satisfactory in<iex of both 
the total weight of muscle and thti total weiglit of bone in the carcass (Part I). 

Table VII I a shows the product of the means of T X G for each group. 
The difterenees are all stmngly significant. The light lambs wdthin each 
breed group hav<? a smaller T x G than the heavy lambs. The light 8.1). 
Cross Iambs have the low’est measure and the heavy (’orriedales the highest, 
with the Romn(*y X Corriedales occupying intermediate positions. 8o 
that, although the 8.1). Cross lamb has the superior carciass from the point 
of view of conformation and finish, the Corriedale carcass actually carries 
more muscle, while the Romney x (\>rriedale tends to fall int(»rmediate 
both in ( onformation and composition. 


T.\hj.e VTIIa, — Infi.ckn<^e of Brkeo akd Weight on T x G 
{Mean measurements (mil lim<*trcH) and signitieanee ol‘ (tifferem es) 



i S.I). CTosh. 

Corrlodrtli*. 

Iloniii<‘y >' (;errl<*d{ile. 

i i 

! lanht ! fleuvy. 

i : 

Ligtil. i Heavy. 

Liirht. j Heavy. 

8.1). Cross ' 

1 

! i 

’ 1 

i 

i 

Light . . 

.. 1 as. 474 : SS 

SS -1 SS 

SS ' SS 

Heavy . . 

. . i .. : ,‘BLSU4 

SS i SS 

SS SS 

Corriedale — 

j i 

! 

V j 

' ) 

Light . . 

. . 1 . . ’ 

i 41,407 i SS 

^ SS j SS 

Heav.v , . 

.. 1 .. ; .. 

1 .. '44,100 

! SS ! SS 

Romney x Corriedale- 

1 [ 


1 j 

Lighl . . 


1 . . i 

i 40.1 JO I SS 

Heavy . . 

.. 1 .. 1 .. 

i f 

i ‘ ’ ! 

( i 

j . . I 42,071) 

'' i 


.SS Kigniacant ut 1 p»‘r <vnt. ; S == 6l£min»‘nnt ut por rcut, levH ; NS - iu>t siumllcanf. 


Differences b(*tvveen the breed and feed groups an* all highly signifi(*ant 
('Fable VIIIb). Amongst tlie S.t). Cros.s lambs the rape-fed group has the 
higher T X G measure, while amongst the Corriedales the Tuilk-fattened 
lambs ai’c higher. A ])Ossibl(‘ explanation of this difference is that the S.i). 
Cross la mils whicli do not fa tten off' their mothers inherit the early- maturing 
propensity of the S.I). to a lesser degree and ttmd to approach the C’orriedale 
typ(‘. Hence the few extra weeks on forage crops allow them to attain 
fuller development. .Alternatively, lambs of the normal 8.1). (h‘oss type 
which have su tiered some setback ueccvssitating ra|)e fattening may b(> able 
to benefit to a greater extent wlien placed on a high ])lane of nutrition atfer 
weaning than (^an backward ( V)rriedal(*s, The Corri(*dale does not yield a 
very desirafile type of earcass uncier the best of conditions, and whert* aiiy 
.setback has been exj)f?rienced a very poor carcass usually result. s. 

Taiilk V'IIIb. — Influence of Fattening Sy.stem on T > G 
(Meau measurt^mcHtfl (millimetres) and sign iti can ce of differences) 



M.l), t‘ro«s. 

j l\>r!i(idale, 

1 

■ ■ . . 

Milk. 1 Rape. 

1 Milk. Rape, 

i- 1 


8.i>. Cro«>!» — 

. 




Milk .. .. .. .. 

39,123 

SS 

SS 

SS 

Rti|>e . . . , . , . . 


4U, 187 

, SS 

88 

Corriedale— 





Milk 



42,870 

88 

, .Rape.' ■ , .... . , • . . 



■ ■ ■ 

42.27i> 


siguiftcjint at 1 per cent, level ; S** eigiiiAcant at 5 per cent, level ; NS *» not t^lgnlftcaat* 
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{d) Length of Leg (F ) . — F is important primarily from a qualitative point 
of view. A short measurement is desirable as mdicating a well-filled leg. 
In addition, F also shows a significant correlation with the total weight of 
muscle in the carcass (Part T). Since the length of T is reflected in this 
measurement, the discussion above on this latter measurement also applies, 
though to a lesser degree, since F takes into consideration the niuHcle and fat 
development in the crutch. The long F and T measurements charaGteristic 
of the Corriedale are largely responsible for the typical poorly-shaped leg 
joints found in this breed. 

Because of this association, the order of breed differences is much the. 
same as for T. It will he noted, howev’er, that, while the difference between 
the T measurements of the light and the heavy S.D. Cross lambs is highly 
significant, there is no significant difference between the F measurements. 
This is probably due to increased muscle and fat development in the crutch 
with increased weight. 


Taule IXa. — Influence of Breed and Weight on Lknc.th of Leo (F) 
(Mean measurements (millimetres) an<l significance <»£ differtmces) 



s.l>. < 

Cross. 1 

i <>irrie<Uile. 

1 Rouiney x Ck)iTledale. 


Nmmher 


right. 

Heavy. | 

1 i 

Light. 1 

1 Heavy. 

Light. 

j Heavy. 

j Mean. 

in 

Group. 

S.D. Cross- 
Light , , 

230 22 

NS 

S8 

SS 

SS 

SS 

0-27 

185 

Heavy 

1 

230-77 

SS 

-SS 

SS 

SS 

0-29 

157 

Corriedale — 









Light . . 



2.58-72 

SS 

SS 

NS 

1 • 15 

97 

Heavy 




264- 14 

SS 

SS 

1-08 

111 

Romney X Ct)r- 
riedalc — 





j 




Light 




. . 

244-89 

SS 

1-09 

45 

Heavy 




IsK 


265-59 

2-70 

17 


SS » sfgillflcAnt at 1 per level ; S «« slgulflcaut at .> jKjr cent, level ; NS not 8ignidcaQt. 


There is no difference in leg length between the S.D. Cross lambs fattened 
off their mothers and those fattened on rape. The rape-fattened Corriedales, 
however, are shorter in the leg than milk-fattened Corriedales. 

The fact that there is no difference in T (Table VIIb) supports the sugges- 
tion that this improvement in leg length is due largely to the bc'itter develop- 
ment of imiscle and fat in the crutch of the rape-fed lambs, a ^c^sult in line 
with, the greater response of late-developing tissues to improved nutrition, 
in these Corriedale lambs we have an example of a late-developing breed, 
critically retarded in growth, responding to subsequent good nutrition by 
increased development in a late-developing region. 

Table IXb. — Influence of Fattening System on Leg Length (F) 

(Mean measiirements (milUmetres) and significance of differences) 
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A short F — T measiirenieiTt was considered by Palsson to be important 
418 indicating the Tequired conformation of the leg. It is obvions, however, 
that a long T and a relatively short F will yield a low difference, but the 
type of joint resulting will have a poor conformation. For this reason the 
value of this meiisurement as a shape index ” for the l(‘g ivs rather doubtful, 
n conclusion supported by our data. 

Thus Talde Xa shows the results of a e/0!ii])arison of this measurement to 
be rather anomalous. The heavy S.J). Cross lambs have an F — T measure 
which is slmrter than that of the light-weight lambs. The superior leg 
of the former group supports the requirement of a short F - 'J\ Between 
the Corriedale weight groui)s, however, the difference is reversed, although 
the heavy lambs yield a much b<*tter leg joint, while no significant difference 
is shown l>etween the two Romney X Corri(*dale groups, in which the h<‘avy 
lambs are again sii])erior in tfie ” leg." Breed differences, however, 

are in the order of their sti|)eriority in so far as conformation of the 
leg is concerned, but it is considered that F alone provides a more satisfactory 
ind(>x of this cliaracter. 


Table Xa. — Inplcenck or Bheki* a no V\ kioiit on Lui Lenctm — Tibia 4 Tarscs 

(F T) 

f^fcan measuremeiUs (millirm tre.s) nnU sigoificioo e of ^liff'erenees) * 



S.l). Ci‘<.»s#s. 

Corriedale. 

Rotnney . 

Corriediile 

i S.E. of 

Number 

in 

Group. 


1 1 Heavy. 

i 

Light . ; Hmvv. 

1 

lA^hl. 

Heavy. 

I Mean. 

S.l,). CroHH 

! 1 

; 1 

I 



1 


Liglit 

i 55 -t >8 1 S 

SN i SS 

• s 

SS 

j 0-88 

185 

Heavy 
(Jorrindale — 

! I 514B» 

i i 

SS 1 SS 

SS 

• 

SS 

1 0 4>H 

i 

157 

Light 

i I 

i <i5-2U 1 S 1 

s 

xs 

1 1-22 

97 

Heav’ V 

Hfjmney >: < *or- 
riedale- ' 

1 .. 1 .. 1 

! '! ‘ ^ 

j 1)8* 7t> 

I 

s.s 

NS 

1 )14 

i 

in 

Light 


! i 


1 NS 

! 1-70 

45 

Heavy 

1 ■■ 1 " : 



j 41 

j 2412 

I 

17 

SS at 1 per cent, level ; S 

=« algitlftcant at 5 per cent, level 

’. NS not siiE?niflcant, 


A similar situation ivS apparent from the comparison of ra{)e and milk 
Iambs. Rap(vfed lambs are shorter in this measurement than milk Iaml>s. 
In the case of the S.l). Cross lambs this is due to differences in the T measure- 
ment only (there being no significant difference in F), but in the Cdrriedales 
the reverse is the case. This illustrates the point made previously, and 
adds weight to the suggestion that little importance should be attached to 
F — T measurements. 


Table Xil— Inflcbnck of Fati’ENixg System on 1-eo Length - Tibia f Tarsvs 

Length (F — T) 

(Mean iMcaSurehients (millimetres) and sigiiificance of differences) 




Corrit^dale. 

S.E, <if 

JS^tmrher 

in 

Grmip. 


mk. 

. R&p<?. j 

■] 

Milk. 

■ i 

Rape, j 

Mean. ! 

i 

'.^Di.'^Oross — ■ 

4 -Milk' ■ ^.v ■■■■ 


8S 

SS 

SS . . 

0-62 

342 



48n0 

. SS 

SS 

1*23 

.S74, 

<kBTi©daie-T-. 

■; yMfik':-:.., ^ ... .1 



67 14 

S8 

0-79 

208 ' 

■ ■ .*4;- 

■'. '■V ' *- 1 


*■* ■ 


116 



y A ;'''KS >"'1^ signfftoant, 
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( / ) Thorax ( Th ) . — ^l)epth of chest, as a measure of the relatively 

less valuable fore-end of the carcass, is an important index of conformation . 
In a fat-lam I) wircass of superior quality this measiarement must not he^too 
large, and if we accept the 8.1). Cross lambs as of the re^quired standard the 
relative, merits of the other crosses studied may be evaluated. In line with 
the findings of McMeekan(5) with pig carcasses, no correlation between thorax 
depth and carcass composition could be established (Part 1). 

Differences in chest depth between the various groups are not as marked 
as in other carcass measurements studied. B.D. Cross lambs show the 
smallest measurement and Corriedales the largest, with Romney X Corriedales 
in an intermediate position. This order is in line with the relative blockiiiess 
of form of these three type.s. As must be expected, hea vier carcas.ses in each 
case show increased chest depth relative to light-weights. 

Table XTa. — Infu’ence of Breed and Wekiht on Depth of Thorax (Th) 


(Mean ineaaiirementH (millimetres) and significance of differences) 



S.D. I roHs. 

1 Corriwlalc. 

Koniuey A 

t.'orrl(Minle. 

Jit 

i 

S.K. of 

NiiinLer 

in 

Oroiip. 


Liuht. : 

i 

y. 

rjjfht. 1 

Heavy. , 


1 Heavy. 

1 

j Mean. 

S.D. CroRs — 
Light 

247-90 I 

88 

! 

1 » 

88 

i 

1 

! ss 

i 

1-14 

1 

I 185 

Heavy 

j • . i 

l>.'52-98 

! NS 

88 

1 NS 

j .88 

1 • 2:i 

157 

CorriedaJe — 
Light 

i 

1 


i 

1 251-80 

1 

88 

1 

N8 

88 

1-57 

97 

Heavy 

- . . ; 



200-70 

i 88 

N8 

] -40 

in 

Romnc?y X Cor- 
riedale— 
Light 

i 

1 


1 

1 


25:1 -.50 

• ! 

88 1 

2 -.‘10 

! 

i 45 

Heavy 

t 

J 

•• r •• 1 

i 

- ' ‘ J 

! 21)4 -4 i 

1 ! 

S 74 

i 

17 


' S8 sigiiifW'nnt at 1 per cent, : S ^ slgiiiflcaut at ;» per cent. IcvpI ; NS i- ’iiot MigniAcaiit:. 


No significant differences exist between th(^ milk- and rapedattem*d 
lambs within each hre(?d group. As in the breed comparison aliove, the 
Corriedales are again deeper in the chest than the 8.1), (>oss lambs. 


Table XIb. — Infutence of Fkedinxj Svhtem i/n Depth of Thorax (/rn) 
(Mean mcasui'cments (millimetres) and significance of differemeH) 


- 

S.D. 

CTtws. 

1 

I (;<)rrie(iali*. 

S.E. of 

\ 

• Xmnher 

1 1" 
j Oronii, 

i 


Milk, j 

llape. 

Milk. 

1 Itiipe, 

-.Mean. 

S.D. Ooss — i 



1 

i 

i 



Milk .. .. .. 1 

250-26 

N8 

1 88 

88 

0 80 

.342 

Rape , , , . . . 

Corriedale — 

-• 

251-10 

I ss. , 

88 

l-6» 

87 

Milk . . . . , . j 

. . 


258 ".6 

NS 

103 

208 

K{i])e . . ; . . . . 

■■ ■ ■ . , , 1 

[ 



257-40 

, ... ^ 

1-40 

IH) 


SS « Rigniftcaut at 1 per cent- level ; S «« RigTilftcnni at 5 per cent, level ; NS « not slgniflctmt. 


ig) Length of Body (L) . — Pal8son(6) attributes diffemnee^ in L to two 
causes— variation number of vertebra), either thoracic or*' lumbar, 

and /or differenoes in the length of the vertebral bodies. While an increase 
in the number of lumbar vertebree is desirable, an iticrease in the numW^ 
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the les8 valuable thoracic region is not. 8ince, as a wholtN the most desirable 
conformation in sheep for meat purposes is of the short, l)locky type, a 
long bo(]y does not general h' confer any advantage. 

Breed and weight will obviously influence this measurement. The 
8.D. Cross lambs are shorter than the other breeds. However, there is no 
difierence between the Corriedales and the Romney :< Corriedales. The 
heavy laml)s wdthin each breed grouj) are long<*r than the light. 


Tablk XI !a. — Infu ascK uf JlajiKn ani> VVkicht on Bodv Lt:N<+TU (L) 
(-Mean ineasiirtMiients (lailiiiriHms) and sigtiitionnce of ififfmaaes) 


1 

!S.|). CrosK. t'orriedule. 

; Uouiliey ('uiriinlale. 

s.K. „r 

Miau. ! 

1 

laj^Ut. i Heavy. ^ ; Heavy. 

: Liuht. I 
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e»roui». 

8.1). (JrosH — 

1 1 * j 

r " ; " 


! 
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047 XU 1 SS i SS i SS 

i SS 

SS 

1-28 

1S5 

Heavy 
(y’orriedale — 

i ■ SS i SS 

j SS 

! ■ 

SS 

; 1-50 

157 

IJght; . . ! 

; oTii'CU ^ SS 

: \s 

SS 

' 1 - 7r, 

07 

Heavy . ; 

HoiniH'y X (/or- | 

: 587-40 

1 SS 

xs 

: 1-05 

111 

riedale — 

Light 


1 575-80 1 

SS 

! 2 *50 

i 

i 45 

Heavy 



501 ' 70 

1 1*21 

; 17 

i 

SS ...j sj«nj(U’^ant at I per ix>ut,. ; S srr Klgnittcant at ."> per t ent. level ; 

NS not Mitruifie.uit. 


The rape-fattened lambs in each group are .shorter than those fattene<l 
off their mothers. 

Between breeds, tlie Corriedales are long(>r than the eomparable 8.1). 
Cross lambs. 


TAFiLI'3 XITm. — iNFIA’KNrK OF KaTTENINO SvSTEM ON Bm>V Ll3N(!Tn (h) 
(.Mean iiieasimniiouts (milliincto-H) ainl Hignifn ance ol diffpirm es) 


S.I). I CuiTiedn.lr. | ^ ^ \ 







S.K. of 

: .NuinbtT 


Milk. 1 

UttlH'. I 

Milk. 

Rape. 1 

.Ml ‘an. 

1 

1 (Jroup. 

8.1). Cross — 

3Milk . . 

i 

5o2-77 

8 

1 . 

j SS 

0-05 1 

! 342 

Ka pe . . 

•1 

548*21 

j S8 

SS 1 

1 - SO 

87 

•Corrierlale — , 

.Milk . . 



580*54 

! 

SS 1 

1 23 

208 

Rape . . . . 




501 11 ! 

1*77 

09 


S8 slgnlfteitlit at 1 p(T cent, level » « ^ignlftcant at 5 pt^r cent. Irvel ; NS »» not Bigniacaut. 


(A) Length of Right Fore Canmn (M),^Ab would be expected from the 
studies of Hammoud(2) and Pals8on(6), breed differences in respect to the 
length of the cannon bones are marked. Only data concerning '.D. Cross 
and Corriedale Iambs are available. All the differences within and between 
the breed groups are strongly significant. The light S.D. Cross lambs have 
by far the shortest canuoua. 

The cannou bone has mainly a quantitative importance. Various workers 
have found the length of this bone to show significant correlations with the 
total amount of bone in the carcass of meat animals {Hanunond(2), Verges(7), 
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MoMeekan(5) ). The improved moat breeds are characterized by short, 
broad cannotis, so that this type may be considered as generally desirable. 


Tabws XUIa. — Inflxtence of Hbeeu and Weioht on Cannon Bonk Lenoth (M) 
(Mean measurements (millimetres) and significance of differences) 



^.I). Cross. 

Cprriedale, j 

S.K. of 
. Mean. 

Nuiiilw'r 

in 

Group. 


Linht, I 

Heavy. 


HcaY.v. 

S.l). Cro.ss — “ 





1 


Light . . . . . . 

105-5:1 

»SS •. 

88 ■ 

88 

0-51 i 

78 

Hea vy . . 


)08:u 

.88 

8S 

0*4» 

85 

Gorriedalc — 







Light . . 



110-17 

88 

0-49 

8:i 

Hea vy . . . . 




110 54 

047 

90 


SS — signiftcant at 1 per cent, level ; S = Higuiilcaot at 0 i>er Cf»nt. level : NS not significant. 


Though breed and weight thus influence cannon length to a marked 
degree, the system of fattening has exertetl no measurable effect in SJ). 
Cross lambs. The cannon hone is one of the earliest-maturing bones, and 
in the S.D. Cross iambs the rapid rate of maturity has apparently allowed 
full development of the cannon bone before the lambs which had to he ra|M‘ 
fattened suflered any setback. 

The difference between the milk- and the rape-fattened Corriedaies, 
however, is highly significant, the rape-fed lambs having shorter cannon 
bones. This result is somewliat unexpected, since it is not usual to find a 
difference due to nutrition in such an early-developing clmnicter as cannon 
bone length. Tlie heavier carcass * weight (2 lb.) of the milk-ftittened 
Corriedales |)rovidt‘S a possible explanation. 


Tablk XIKb. -Inm rKNCK oj. Fattenino SvsTF.iVi ON Cannon ]n>NE (.enotu (M) 
(.Moiin ivioaMurcmi'utsi (millitnetres) aud Hignifiraiice ot difrereiMM^H) 
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Milk, j 

Kupi*. i Milk. 1 

Jlnp*-. 


8.1). 0ro,^8 — 
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IOfi-8 

i 

N8. j- 88 

88 

0-40 

io;j 

llape . . 


105-8 I 88 

88 

0 54 

S7 

CorrirflaJe — 

.Milk . . 


.. j 117-9 

88 

0-39 j 

t7:i 

}ia]»e .. .. 


... j 

llO'-O j 

■ ■ i 

0*51 1 

1 

1 

99 


SS signirlcAut at 1 i)er ctMit* 


level : 


S ^ at "i par ; NS Pot mignifleaet . 


(i) WeigM of Right Fore CWiaqw. — The vaimyof the weight of one cannon 
Ircwie for assming the total weight of bone in the caregss has been chmion- 
strated by Hammond{2) for sheep and McMeekani(5) for pigs^ Breed and 
weight differences are more marked in respect to the weight of 
than to the length . This is* due to the fact that thickhess of bone is a 
later-developing chaTact^^^ 5). Hammond, throughopt all 

his work in this field, has demonstrated repeate<ily the tendenoy^^ 

, to- differ :mo$t' dn''date:-!devel0]^ 
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1944] Proctjsr.— A Virus Diskase of Henbane in New 

Zealand 

A VIRUS DISEASE OF HENBANE {HYOSCYAMUS 
NIGER L.) IN NEW ZEALAND 

By C. H. Procter, Plant Diseases Division, Plant Research lUireau, 
Department of Scientific ainl Industrial Researeli 

Summary 

A virus rliaease cttused ctinsitlcra t>k* tlainago tc) henbaDf" niger L.) 

when this medieinnl plant was grown in 1943 at Waiwhetu, Hutt Valley, 

Now Zealand. Syinptoras resonibic* in part thost^ of Hyosryamus r#>w6( JI 
and Hya^cyamus Virnf( JIJ (llumilton 1932), and in oertain hosts symptoms 
arc similar to those of Holanttm Viruft // (Potato Virus Y) (Smith, 1937 ; 
Dykstra, 1939, 1939). 

Effective transmission was obtained both by leaf-rubbing and by the 
peaeli-aphid, M yzas jm'sivae Sulz. Host range, symptoms in artiHeially-infeeterl 
hosts, and i<leiitity of the vims are diseus.sed. The pljysieal properties of 
thermal death-point, dilution end-point, and longevity in yitro were determined. 

Introductiox 

The fir.st reliable record of vini.s (lisease.s occurring in henbain' is that of 
Hamilton (1932), wJio observe<l the disease in <'(>inmercial fields in Bedford- 
shire, Enghiiid. HenbuD(‘ is of recent introduction into New Zealand and 
was first grown under experimental conditions in 1942. Early in 1943 
it was ol>.serv(‘d that from 1(1 per cent, to 2(1 per cent, of one-year-old plants 
showe<l root-rot. and that the foliage of these plants showed symptoms of 
|)o.ssil>le \ irus infection. Tin* di.sease wais readily transmitted by artificial 
incxuilations to Sicotiana tahaenru L., and from this source material for experi- 
ments in New' Zealand was derived. 


Symptoms 

In the lield, symptoms appear as severe stunting of growth with a 
pu(‘kering and slight mottling of the leaves. The nuittling is light gremi, 
and distort ed leaves art‘ invariably present. 

In th(' glasshouse, symptoms are of three gemu-al types : \'ein elearing, 
vein banding, and mottling of the leaves. Vein clearing occurs williiii 
nine days following inoculation as a primary .symptom on the inoculated 
leaves and subsefjuent xoung gnovth. The loss of colour in and around 
the veins {Eig. E upper left) is very prououiKaHl l)ut is short lived, as a 
dark-green xein banding (Fig. 2) take.s its jilace after six or sevevu days. 
The vein hands apiiear tt* be slightly raised abov<‘ the surrounding tissue, 
mav' extend the whole hmgth tjf the vein, and measure several millimetres 
across. Infected plants Ijecome greatly stunted, arul after several wta'ks 
vein clearing and vein banding give place to a light- and dark-green 
mottle. 

Methods of Transmission 

(a) Artijimal J noculatim. ■ was obtained by leaf-rubbing with 

expressed juice from ^yomyamns and infected Warne tobaeeo plants. The 
ease of transmission bv ibis' means is shown in Table I . 

(h) Insect Tramnmsion. — Insect transmission, using the common peach- 
aphid, results (Table 1). The aphids WTrre 

allowed to feed on infected plants for seven days and then transferred to 
healthy plants. Thew were enclosed in muslin cages. After feeding for 
a week on healthy piants, the aphids were killed, by fumigation with 
nicotine sulphate. Other spoeies of aphids were not tested as possible 
'yeotors. ,■ 
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Host Range 

liivestigatioji of host range was Jimited to a number of plants of the 
8oIanaceie cormnonly used for identification of virus diseases. All inocula- 
tions were ma.d(* by leaf-rubbing, using juice extracted from infected plants, 
generally Warne tobacco. Resistance and Ksusceptibilitv of the hosts tested 
are shown in Table 1. 

In most cases back inoculations to Warne tobacco from infected hosts 
or hosts suspected of infection were carried out to dettirmine the possibility 
of a combination of two or more viruses. In all castes the original symptoms 
were reproduced thereby eliminating this possibilitv. 


'rASi.K 1 .— Host Kanok ok tiir Viri?s 


Dati* (jf I 
InoculHtkiii. i 


21/4 ! 

i7/H/4:i* I 
17/9 43* I 
20/5 .-'43 I 
21 a 43 i 
0'/8.43 ! 
10843 ! 
23/8/48 ! 
21743 i 
8/3/44 ; 
21/7/43 ! 
0/8/43 
23 8 43 i 
23/8 43 : 
'8/3/44 ' 
15/3/44 i 
24/3/44 I 
27/8/43 I 
28/3 44 
2H/3/'44 
5 4 44 


♦ Aphid traiminisHion iiRhig MftzttM per^irttr, t Bwk imKriiJjitiouH W4;ri! not carried uut in tid« 

inettince. Control plnnts equal in number to thuge Inoculated all remafnHl heolthy. 


iSvMPTOMs ON Artjfhually^-infeutet) Hosts 
Nmytiana lalmcMm L. var. 

Three distinct symptoms occur namely, primary vein clearing, secondary 
vein banding, and chlorotic mottling. The primary symptoms of vein 
clearing (Fig. 3) are similar to those in henbane. The secondary symptoms 
(Fig. 4) are also similar, except that in young leaves of old infected plants 
a pattern of short, narrow bands occurs on the small veins, giving the leaf 
a flecked appearance (Fig. 5). This latter symptom is not jiermanent and 
is followed by mottling of a chlorotic nature (yellow and light green), as 
compared with the light and dark green of henbane. Infected plants show 
veiy^ little retardation of growth. 


ISicotiana rmtica L. 

Symptoms are less marked than in Warne tobacco, vein clearing being 
very faint and hesLVj vein banding absent. However, typical vein flecking 
and chlorotic mottling appear in later growth. 


Source of Xiioniluiii. 


Host iiiocuUiti'd. 


Nuiubrr I Number 
of .Plants i of J*lan<s 
jtuK'iilatod. I infcrt«*<I. 


Uyoscyo m //< // iger 
S IrofidrM taharitm 


S . ruHliva , . 
L. esrufmtnm 
S. tuherminn 
S, rt igr u m , . 


I 

I Xirofiana i a bar urn 

I Hgmcyam iHi nigt r 
\ A'. UdKicmti 

y , rust tea 
X. gfutinosa . . 

X. ghffra 
' Lt/roper,sirum psru/f /dtiw f 


H. Niger 
Atrofta heUrtdona. 

( 'yphimamha bltavm 
Petit nia Jtyhrida 
Solan um tuberosum 
Oat u ra si ramon i a m 
Sohnvm nigrum 
X. tahaevm 


U 

4 

() 

(> 

9 

9 

4 

5 
f> 
(> 
f) 
(1 
4 
(\ 
(i 
t\ 
0 

3 

4 
4 
3 
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1914] Procter. — A Viri^s Diseakk of Henbane in New 

Zealand 

Pehtnia hylmiUi Vihii. 

Vciu-cleariiig symptoms (Fig. f», left) oeciir on young inoculated leaves, 
and although vein banding do(‘s not develof), h slight to severe puckering 
occurs in some leaves. The gR>wth of plants is not affected by infection 
and there is no evidence of " br<‘ak ” in flower colour. 



Fig. l. — Loft : Veln-olburlng symptoiuH on hoiilmru*. 
Right : lii‘iilihy leaf of henbano. 

Fig. a. — Veiii-b»u<llng ttymptoina on hoiibane. 

Fig. 8. — Vein -clearing syniptoius ou Wurne t4>bac<*o lr* 4 if. 

Fig. 4. — Vein banding of Warne tobacco. 

Fig. r». — Vein liandling of flocking typ*? on young Imf of 
<ikJ iuuHrtfMl plant. 

Fig. (J. — ^Left : Veln-cleiiring «ympt<mi8 on Petunia 

loavea. Eight : Healthy Petunia loaf. 

Fig, 7. — Elng-ai>ot symptoms on loaf of Kli^t Edward 
pt>tat<>. 




Nicotimm gliMimm L. 

Twelve days after inoculation, mild vein-clearing symptoms appear, 
followed by yellow mottling and a crinkling or puckering of the leaves. 
After six to eight weeks the flecked type of vein banding occurH on lower 
leaves, and a mosaic mottling of dark-green areas becomes evident on 
leuA^'es of auxiliary shoots. Streaks of dark green also develop on the stems 
of old infected plants. Flecking or breaking of the flower colour as 
xccorded by Hamilton (1932) with Hyosogmim Virus 111 did not occur. 


36 The N,Z. JouRNAt of Sciewk and TsoHNOi^oav [Aoo, 

Solanum tuberosum L. var. King Edward 

^yiiiptonis are markedly different frqm tho»e det^cribed on the previous 
host-plants. A'eiii elearing and vein banding do not occur, but ting sjmts 
are formed on imxnilated leaves (Fig. 7) and brown necrotic streaks 
appear on petioles and sterns. The ring spots appear as dark-green rings 
2-4 rnnn in diameter with pale-green centres similar to the remainder of 
tlie leaf. Tin' streaks on th(‘ petioles are from 1-S mm, in length and often 
penetrate to tjie inner tissues. The stern streaks are longer, being 4-6 mm., 
ami first apjx'ar imnnaliately above the node of an infected leaf. Further 
streaks deteiop from the node upwards, and within four days the full 
length of the internode is stip|)led. T^eaf-drop occurs within four days of 
infection, though the leaf may remain atUiched to the. stern as if by a thread, 
This leaf-drop occur-s first on tlie basal jK)rtions and gradually progresses 
up the stern, leaving a tuft of young leaves at the apex. 

Lycoperskum esculentum Mill. 

Vein -clearing and xdn-banding .symptorji.s are not perceptible in this 
host, but a bronz(' mottling appears on a number of leaflets twenty-five 
days after inoculation. 

Solnnmn nigrum h. 

No \isible symptoms occur on this host, but when tobacco plants are 
inoculated with jiiiei' extracted from these' plants typical symptoms are 
repnxluced. 

Ibn'src’AL Pkocerties ok the V’iiu's 
Longenily in Vitro 

Plants were inoculated at twenty-four-hour intervals for ten days 
begiuuing 7th February, 1944, using inoculum extracted from recently- 
infected Warrie tobacco plants. The^rextracted juice was stored in a test 
tube and held in an incubator at~23'^C. Four lea ves on each of four plants 
we?r(' ino(‘ulat<'d l*y leaf-rubbing, and were examined daily for the first 
^ teji da v\s ami peH(»dica lly for a further month. 

Results .showed that the virus remained virulent up to fort\’ -eight but 
not seventy-two hours. The longevity of the virus therefore lies ln*tweeii 
the.S(‘ two periods. 

Dilution End-point 

The juice fniiii recently-infecte<l Warne tobiwco plants was extract^'d 
ami diluted with WTitt*r. (i roups ‘of six tobacco plants were inoculated at 
different dilution.s by the leaf-rubbing method. The trial was repeated, 
and results given in Tabh; 2 indicate that the dilution end-point of the 
virirs is between 1 in lOXKK) and 1 in 10(),(KXI. 


Table 2. — Djlutiok Kiju-poixt ok VroUs 


Oitte of 
JnocultitiiJii. 

Sovinif of JiicM'.uliim. 

! SirrujtrJvof 

' Nu.Miln?r 
! of HaiitH 
; laociilatoa. 

Number 
of Fbviits 

Iftft'rbiil, 

■ ■ 

.2U/2.'44' 

Warm* tobacco .. 

' . , - } i ill 


1 

{■ ^ 0 ■■■ 


.29/2/44 

■ /, ' . . 

. . ■ I ill. 

10 


■■ (} ■ 

29/2/4* . 

■ M ■ , . 

. - i 1 in 

JW) 

' ** ' 

..0 ■ . 

21^/'2/:44 ■ 

in ' • 

. . i i in 

1,000 

^ H ■■ ■ 

'■ ■/3 . ■ 

,29/2/44 


. . 1 i in 

i0jm» 

0 ■ • 

■■■' .1 ■■'■■■■ 

■■29,/2V44.- . 

O' ' 

... 1 1 in 


.: ■■■ ■ ■«■/■■■ i 

■ vO' ■ .: 

29/2/44. 

■ »r ' 

.. j 1 in I 

, IKK), 000 

I 0 

^ ■ 6.' ./■■■ 

3().':V44' . 


. . ] 1 ill 

1 

1 

'.a 

30/:i/44'; 


■ . 1 . 1 in 


■.■■-.■■I 

■ V 

3a/'3/44. ■ 


-I 1 in 

KbOOO 

■■'.../■ fi./ '■/ 

'■ 2 . 



■ V.:\ 


6.. 1 

, . 0 
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1944] l^ncx’TER. — A. Vmrs I)i8ka8e of Henbane in New 

Ze^lantj 

Thermal Deaih'point 
Deteniiinatiojis of the thennal rleatb-poiiit wore car7‘ied out ovc^r a 
fairly wide range of teiiiperatures with ^ (I dilTeronce between each troat- 
nient. Treatments couHLsted in hoatiug two I ml. tubes of fresh I v-extrac ted 
juice from roeeritly-hifeeted Warue tobacco at each teinjasrature for ten 
minutes. Immediately after completion of treHtments, in<.>c illations were 
carried out on Warne toliacco h\ tlie leaf-rul)bing metlwxl. The trial wa.s 
repeiUetl, and results giveti in Table .*] show that th(‘ thermal death-p(»iut 
is between bO hthI 65" (\ 

* Table li , — Thermai. Death-point of Virt;s 



in l>«‘Uttrs 

i of I'kiuls 

{ .Nuialar 

of I'lantt* 

1 , 3 , 11 i W« rni ' t<i ha < > . . 

. , . 23 (air . 

i 1.) 

; () 

1/3/44 1 

. . 4r, 

: 0 

0 

i/3 41 ; 

. . 50 

! 0 

! (*i 

1/3 '4.4 i 

.55 

; 0 

0 

1/3/44 i 

. . 

0 

1 - 

1/3,44 ' 

. . : 05 

0 

o 

1 3 44 ' 

. . j 70 

0 

0 

.31 3 44 ; 

. . j 22 (air tern)).) . 

4 

4 

31/344 

55 

4 

3 

313 44 

. . ! 00 

1 

; l 

31 3 44 : 

. . ' 05 

1 4 

0 

No work was umlertaken t<) 

' ascertain the tiiti 

‘r-passing ] 

|»ru| forties i 


the viriH. 

lOE.VTTTV OP THE VlHI/.S 

111 many respt'cts a number of symTUoms of the virus dealt with in this 
jiaper closely resemble tliose <»f H jjoMCiprmus Virns II and Ht/Oi<cyamtitt 
Vini.s Ilf (Hamilton, 1932). It agrees with If i/osei/amus II in puckered 
v'(un handing in henbane ami the pj(‘senee of Heck v^ein banding in tobacco, 
init ditfers in jiriahicing symjitoms on tomato ami potato. The New 
Zealand virus in some , respects also agrees with Hyof^cyamaft If I in vein 
clear'ing in henliane and tobaeco, but diflers in that it produces symptoms 
on potato and markedly dilferent symptom.s on tomato. From results 
olitaiued in host-range experiments it is clearly shown, especially in the 
case of tomato, that the virus is not a mixture of Hymajamus II and 
Hyomjmrtm III, as separation of these two viruses oceurs when the mixture 
is passed through tomato (Hamilton, 1932). It also differs in all respects 
iv<m\ I as descuibed by Hamilton. 

Symptoms produced in some host-plants agree in part with those of 
BiUnkvm FiVu,sf II (Potato Virus Y) (Smith, 1937 ; Dykstra., 1936, 1939). 
These reBetnblances are shown in vein clearing and vein banding in tobacco 
and lieubarie, and the formation of necrotic lesions and leaf-drop in potato. 
Sola Hum Vims //> however, differs in physical properties in ayraptoins on 
tomato also in some of the symptoms on potato. 

* Thus it w New Zealand \iras cannot be identified 

Hf 0 se 0 muif Vw Virm III, or Sohnum Virm II, 

but mnee there are a number of close resemblances it is considered undesirable 
to specify the^^ as a new vdrus until tbe relatm^ have been further 

;/'■ investigated-. 

V- y 'RiSWHENXyES' ' r ■ . 

nrmmA, T* T; (1936) i HuiQpalkohgy, 2$, 697-606. 
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A VIRUS DISEASE OF FIG IN NEW ZEALAND 

By Lai-vcxc Li, Plant. Rescareli Bureau, ])cf)artment of Scientific’ 
and Industrial Research, and Lingnan University, Kwangtung, China 
and C. H. Procter, Technical Assistant, Plant Diseases Division, 
Plant Research Bureau, Department of Scientific and Industrial 
Research 

Summary 

A vtriiH di8(>rt8e of the ftg, FicuM varica fj., is reconh^d from many 
localities in New Zealand. SymptomH of the fliseast? reHemhle tho8<‘ of Ficnt^ 
Virufi / Smith, 1937. and Ficivir carlme. (Umrlit and Home, 1941. Symptoin.s 
showed botli on leaf ><ih1 fruit, and the viniH may 1 k‘ respf>n8iblt‘ for the premiitriif 
dropping of figs. The virus has been successfully transmitted by grafting and 
budding. 

Introduction 

The fig, Fmis carica L., has long been in cultivation. From its original 
home somewhere in Eui'asia it huKS now sjiread to many parts of the world. 
The first occurrence of virus disease of the fig is not known, but the first 
reliable record of a dise.ase of virus nature is that of Condi t ami Horn(‘ 
(1933), who reported its presence in California. The disease was subse- 
quently found in England ; Porto Rico ; Kwangtung, and Nanking, China ; 
New South Wales, Australia (Pittman, 193A) ; and Texas, United States 
of America (Condit and Horne, 1941). In the San Joaquin Valley, Cali- 
fornia, in 1941, the senior author ob.serv^ed the widespread occurrence of this 
xdnis disease in fig plantations. In South China the virus is common on 
Ficufi carica and possibl}* on other sp(*cies of Ficm as well (Ho and JJ, 193(>). 

The fig is not yet grown on a commercial scale in New Zealand, although 
it is commonly present in home gardens throughout the North Island from 
Wellington in the south to Maturoa Island, near Russell, in the north. 
Generally, only the second crop of fruits dev(*lop to maturity each year. 
The disease reported here was first obsmved on a tree in Wellington in 
1942. 

Symptoms 

Symptoms of the disease appear both on foliage and on fruit. On 
foliage three general type.s of symptoms are recognized : a well-defined 
ty|><‘, a dilTused mottling, and a mosaic mottling. In the well-<lefined type 
of niottlii^g, diseased areas apj>ear as well-marked pale-green spots of various 
shapes and sizes which may coalesce to form larger spots, the borders of 
wliich are indefinite with a light yellow colour merging into the liealthv 
green of surrounding normal tissue (Fig. 1, right). In the diffused type, 
symptoms appear as pale-green bands usually associated with the main 
veins (Fig. 1, left), in which case leaves are distorted and often very much 
reduced in size. It is not uncommon to find all leay^»s of a twig deformed 
(Fig. 2), and sometimes every leaf on a tree shows symptoms. A mosaic 
mottling of dark and light green also occurs, causing considerable malfor- 
mation and distortion of leaves and veins (Fig. 3). 

On the fruits the characteristic symptom is somewhat like the well- 
defined mottling on the foliage. The pale-yellow spots on the fruit are of 
various sizes and, as on the leaves, the diseased spots may merge together 
forming a larger area (Fig* 4), 
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Lncidenik 

The disfiHse is present in a number of apparently (lifIV‘rent varieties of 
fig in various parts of New Zealand. It was noted ii» 1942 in thc‘ following 
localities : Wellington, Auckland, Marll)orough Sounds, Caml>ridge, 
Coromandel, and Hokiauga. 

Other species of Ficus Ficus rciusu^ F. repeus^ F. auslraUs, and 
F, nmcrophylla -grown here for ornamental purposes all showed suspected 
symptoms of vims attack, but the observations made on th<\se species 
should not be taken as conclusive. 



Fms. 1 TO ;■). 

Fig. 1. — Distiuswr symptoiuH on the foliagi'. 
.Right : Well-dtjUutMi type of mottling, : 

, Diftiicie mottling, Mhowing nuilforination. 

Fig. 2. — Twig Nhowiiig virus symptoms 
on all leaves. 

Fig. 51, — DiMoascs MyiiiptoiuM «ui foliage. 
Left ; Mosaie mottling. Right ; Ilealtiiy 
leaf. 

Fig. 4. — Virus symptoms on ftg fruits. 

Fig. 5. — nistaise symphuns on Inidding 
(lower braueh) stoek diseased. 



Experimental Transmission 

Experiments were conducted to transmit the virus from infected plants 
to healthy ones by several methods. The transmission was first attempted 
by hypodermic injection of juice from diseased leaves into young stems 
and leaf petioles of healthy plants. The attempt was a failure, as the 
injected, like the check, plants remained healthy. However, it is possible 
that the rapid extrusion of latex on puncturing prevented penetration of the 
active virus. 
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Grafting diseased budsticks on healthy stocks caiiS(Ml tlie stock to show 
disease syin})tonis in six wcndcs. Buddiiig healthy bnds on to diseased 
stocks f)erniitted trajisniissitni of the virus after a similar period ami 
produced characteristic symptoms on leaves of the [mddlings (Fig. 5, lower 
firanch). The checks for both bmlding and grafting expc^rirnents remairuMl 
norma]. 

All cuttings taken from diseased trees produced diseased young plants 
when they rooted. Tlie r(‘sults of these virus transmission trials are imduded 
in Table T. 

Taiu.k r. —T ransmission of Fio Mosaic 

... - - .. — ^ ^ 

Date. I Method of Transmts.SMni. iNuniltn- of Cliinls.| 

i i 

18 4/43 i rvittiug.s .. .. .. .. I ir> 

22/<) '43 i Injection .. .. .. : o 

15/l)/43 i ' .. .. .. 1 ■ o 

2 <i /10 43 ! OraftiriLT .. .. .. ' 3 

28 / 10/43 i Kndtling . . . . . . . . j o 

11 / 11/43 I .. .. .. .. I 4 

Natural Th ansmission ^ 

Th(* UK.'thod by which transmission of the virus ocmirs in Nature is not 
known. However, a leaf-liopjj<.‘r, Scoft/pojxi Walk., and a scale 

insect {Lemniuhi sp.) ha;\’e been found on sfA'eral diseased fig-trees in 
Auckland. 

Lmcortaxoe and Control 

In general, the diseast* does not seem to liave much eflect im the growth 
of the tree. Diseased tree.s produce fruits which at tirneKS droji piematurel}'. 
lnfeck‘d fruits are unsightlx' for market purposes. Condit and IJorne (1933) 
reported that; ditferimt sjiec'ios and varieties of fig showed differeiil degrees 
of susceptildlity to iig virus, and tliat some are immune or resistant. For 
the immediate future, practical control measures sliould consist of propa- 
gation — usually by cuttings — from healthy trees, and, later on, if cultun^ 
)>econies more important, selection and breeding for resistant- and iminum* 
varieti(*s should be attempted. 

IdEN'J'ITY 

Symptoms caused by the disease, both on foliage and on fruit, agree 
very closely with those of Ficm Tirua / Bmith, 1937, and a virus described 
by Condit and Horne, 1941. 
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A SENSITIVE STABLE VACUUM RELIEF VALVE 
FOR M ILKING-M ACIIINES 

]^y \V. (J. Wbi rj'LESTox, Animal I?i‘s<*nr('h Station, Dujmitinent of 
A ir ri cn 1 1 ur< • , W a 1 la cc \' i 1 1 (» 


Summary 

The pMjM’f (U'HcriUf's a vafuimi relief valve which coiiihmes lii^ih 'tciisil.ivitv 
v'itli stability. Thi‘ vahe is of tlie weighted type stabilized by a small oil 
damping mecliimi.MiL 

Ini RoLiLt rrox 

lx a jiruviouB ])a]u'T(l ) the writer descrihetl a method for testing tlie (»fhciency 
of vacuiini relief vnlvi's of the type used on milking maehiiKTv, and the 
results ohtaiiHHl hy using this test on a variet\' of commercial valves were 
‘given. An arbitrary standard by which to judge tin* performance of a. valve 
was suggested namely, the vacuum rise and droj> must not ♦‘xceed 1 in. oj‘ 
mercury wIkmi tln‘ air flow into the valve rises and bdls between the limits 
fb(K) and 0*1(1 cubii* feet per s<‘eond of free air. This should be further (jualified 
by specifying the opening vacuum to which the valve is set: to la* between 
IMin. and Join, of nnu’enry. It was noted that one make of wejgbted-type 
vjilve gavt‘ a performance somewhat lietter than the standard. However, 
when fiii'ther valves of tliis tvjie and make were test(‘d no more were found 
to eom(‘ within the rmpiirements of the stamiard, the valve rleseribial being 
aj>[)arently aji (Lxeeptionally good sainjile. It was therefore decided that a 
study should be made of valve design with a view to n*aehing tin* standard 
id' pi'iformanee s(d out above. 

K.Xl*KKL\tENTAL VVOUK 

Tin* first experiments were carried out on weighted va]\es m which the 
Wi'iglit is siisptmded from a spherical or conical seat. It soon liecaine evident 
that high sensitivity and .stability are not compatible iimler field eunditions, 
and an attempt was made to st-abilize a sensitive valve by means of an oil 
<lamper. This attempt wa.s successful, and, as tlu* aecompanying performance 
•< urve (Fig. 1) shows, the experimental valve readies tin* standard require- 
Mn*nts. All attempts to make the valve flutter by swinging the vacuum were 
unsuccessful. 

A practical versiou of this experimental valve was designed, and several 
were constructed. The final form is shown in Figs. 2 and 3. This valve has 
now completed two years' trial under normal field conditions. The opening 
vacuum and sensitivity are found to remain constant, and, apart from filling 
the dash-pot once a season, the device requires no attention. 

Desoription oe Valve 

The main body of the valve (a) is a brass casting designed to he sw^eated 
on to a standard 1 1 in, brass milk or air pipe. The seat (/>) is made so that 
by the aid of a simple tool it can be removed readily and changed. The 
valve head is a bronze cone (c) with a cut across the top to facilitate its 
removal by means of a screwdriver. From the bottom of the valve head a 
large weight (d) is suspended, this latter having the small damping piston (e) 
fitted to it, This piston works in an oil-filled cylinder (/) supported by the 
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nionihers (</, //). The rod holdiiifi? tJio piston, which clears the cylinder by 
about in., passes through a hole at (h) and so acts as a guide for the 
hanging weight. The presence of oil in (/) ensures that this l)earing surface 
(the only possible source of friction in the valve) is well lubricated. 

The valv'e is closed by the l>rass cap { /), wdiich is provided with a threaded 
socket into which a vacuum gaug(‘ can be screwed. 

The Practical Use of the Valve 
Under normal field conditions there is no reason for frei|uent changing 
of the opening vacuum. However, should it l)e found desirable to make an 
alteration, this is done by changing the seat (^>). A common but undesirable 
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ju’actice is that of altering the vacuum in a milking-machine to suit circum- 
st4inces. For instance, if the machine tends to milk slowly, it is often found 
that the farmer will attom]>t to imjirove the position by increasing the 
vacuum when, in fact, some other source of trouble should be rectified. The 
valve under discussion makes such practices at least difiicult. It should be 
noted that in localities where there is a tendency for insects, pieces of straw, 
and the like to be drawn into the valve, a large gauze cover can be fitted 
without in any way reducing the sensitivity. 


M Thk N.Z. JoruN^L OF Scjem e and TEOHNouxn' (xAud. 

Small ^^auzes liave bocMi foiirnl to he nrulosirable because* of the resistance 
offered to the incoming air! 

Practical experience ov'er two seasons with the v^alve has showit no 
dithoulty in its usi*. 'Fhe damper has been filled with ordi]ia.rv rotary vacuum 
pump oil. This has been found to give adefjuate daminng under the most 
difficult (M)uditions. The valve has been ffuind t(> lie stalile and sensitive 
over \ acuums ^■arving from Join. t<» 19 in, of ni<*rcurv. 
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A RECORD OF PAMSCUS SP. ATTACKING P1ERIS 
RAPAE l.ARV/E IN NEW ZEALAND 

By B. tin I'A, Knto“;iiojogv !)ivisi(UL Plant Hesearch Burt‘ati, Nelson 

Ddkino Jaiiuarv of 19P2 the writer ff^und four Pierin nt}i((p laiA^a* in a small 
block of cabbages at the Cawthron Institute, Nelson, each with a glossy 
black egg firmly attached to the dorsal surface on either the s<‘con<] or third 
segment. Of these eggs, one was disse(!t(*d from the host for })nr]»oses of 
draw'ing ajid measurcrjunit, while the other thr(‘(? were allowed to dev(*h,)p. 



Fio. 1.— Egg oi Pmisem ep, dbBected ftirsx Pi^ris larva. 





\I*hotn fn/ H ///, ('. 

Fic. lV f^atfif^rns cjiir with larva 





% Thk N,Z. wTouknal ok Science and Technology [Aug, 

The ejjfg dissected from the host is shown in Fig. 1, and iilustrates the 
typical structure of the Panisruft egg, with the coiled })edicel which so 
effectively grips the host tissue and supports the young larva. It was 
unfortunate that all eggs w(}re deposited on larva* previously parasitized l)y 
the hraconid, Apanfeiefi plawerahts, and although the Pmmcas eggs hatched, 
none reached the second instar, due to the einergenee of the Aptniteles larvfe 
and the death of the host. Whether or not Pairiscus can be successfully 
reared on Ptens larva? is still not known, and no further attacks in the field 
have been noted. 



[Photo hif Wm, C, 

iicL 4.— larva with Panisous egg attached, uad with Apanltde^ tjlomf^ratwx 

cocoona. 
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REVIEW S 

IMPERIAL BUREAU OF PLANT BREEDING AND GENETICS: 
PHOTOPERIODISM IN THE POTATO 

Imperial Bureau of Plant Breeding' and Genetics : Photoperiodism in the 
Potato, by C. M. Dri\'er and .L (J. Hawkes, School of Agriculture, 
Cambridge. Englaml, f)eceinl)cr, lOJd; 3b j)p. : price. 2s. fid, 

J*at t (( \ hrirtr} 

growth in tJu* potato is groatJy .stimulated by long-day ('onditioiiK. 
Klowerifig to b(‘ ravouri*d by long days and moderate temperatures, and be 

greatly ilepressed by short rlays. Stolon growth is generaily t‘avum*(sl by long warm 
days, such condition.s giving long stolons and numerous lateral and branehed ones. 
'Phe ctmditions suitabh* for maximum tuber yields appear ti> be h»ng days to stimulate 
vegetative growili, followed by short days to turn the plant aetivity towards eflieieiit. 
tuberixation, 1’uber shape is smoother and more uniform under .short-tlav eonditioiis-: 
long days [uvKluee th<^ largest tuhersS, luit there is a greater range in size. Maturity i.s 
has^uied by short days at normal temjX'ratures. Optimum temperature for tulxir 
growth lies hetwa^n F. and tio F. A number of relationships lietween the 
earbohyd rate, nitrogen ratio of the plant at different stage.s of development have been 
worked «»ut. 'I'he reaction of the plant to photo|)erio<lism is staled to be inherited. 


Pari II. The PhoUyperiodir Hewthmfi nj mrhe South .imerivav PoinUuA (•!. (>\ HoivhesJ 

I'he tv\jH*riinents were planned to investigates the periodicity of a collection of 
Peruvian potatoes. The results for tuber weight are in general agreement with those 
of the Kussian and German workers on the .South .American potatocjs. Stolon- 
production under short or long days is dc.scribed for <‘ach s|x*ck‘.s. I’he n^siilts for 
growth anil maturity indicate that the clones under consideration take, on the a\erage, 
about ojte ami a half times as long to mature under long day as they do under short 
day. The height of the plants is, however, about two and a half times as great. 
Short days are shown to exert a depivssiiig iiiHuenee on lowering, although it is pointed 
out that flowering is extremely abundant in the high Andes under .short-day oouditjons. 
I’his appanuit anomaly is suggested to be due to the fact that flowering with the 
potato is not d(‘p:mdent on a photoperiiHlie meclrani.sm, hut rather on the quantity of 
light received. I’he potato is contrHate<l with other tropical plants (tolmeco. soya Wan) 
when' the flowering is dcqa'iident on a photoperiodie response, and it is tentatively 
suggesU'd that the pbotoixHodic mechanism applies only to the dominant method of 
reproduction, I'he potato re prialnoes almost entin'ly vegetatively and this is controlled 
by photoperiod. j) (< 


GO-ORDINATED TRIALS WITH PHENOTHIAZINE AGAINST 
NEMATODES IN LAMBS 

Go-ordinated Trials mth Phenotkiasine against Nematodes in Lambs. 

Imperial Agricultural Bureaux Joint Publication No. 4 ; 56 pp. ; 

3s. 6d, 

In view id the ocourronce of certain tliscrepancit‘8 in the publishod j'eports on the 
use of phenothiazme aft an aiiihelmintic and the fact that different criteria have been 
omployod by (different workers in testing its efficacy, the Agricultural Research Council 
of tbe United Kingdom decided to institute a series of co-ordinatc^d trials at several 
centres. These trialfl wero so planned as to give results capable of adequate statistical 
analysis in the hope that they Would afford answers to certain specific questions. 

In the ooume of these experiments phenothiaftine has been tested in single doses 
against sheep nematodes in trials involving some 280 lambs at different centres in Great 
Britain using (d) lamb weights, (6) egg counts, and (c) worm counts, as criteria of 
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cfliciency. Ftill detaHi? are given of nicthodH nse<i, and it is shown thalb egg- and 
worm -counting tecrliniques arc satisfactory. The results of these experiments have 
been given to the Executive (-ouncil of the Imperial Agricultural Bureaux for 
publication. Oopies are available frtmi the Imperiul Agricultural Bureaux*. Central 
•Sales Branch, Agricultural Beaearch Building, Penghiis, Aberystwyth, Wales. 


A NEW SERIES OF PLANT SCIENCE BOOKS 

Kilited hy Frans Verdoon, ami published by the Chronica Botanica Co. at Waltham. 
Mass., U.S.A., this stnies of books is already a valuable addition to up-to-date accounts 
of various brandies of plant scituu^e. The format and general set-up is gooil. ami the 
authors of repute in their .subjects. Those that have come heibro us are - 

Plants and Vitumins, by W’. H. Sehofter. $4.75. 

An Inirodnction to Pollen Analysis, by (?. Frdtman. So. 

Plant Virums and Virus Diseases {iSet'ond edition), by F. C. Bawden. $4.75. 

These, while giving a review of th<* present state of the suhjeets. eater espt'ciallv 
for the workers engaged in re8ear(!li on different asjHH'ts. All can be strongly recom- 
mended. With work ao actively, proeeeiling, none of course gi\<‘ a (■ompkte picture*, 
and experts wdll find much to entieize as well as much to suggest whert* further juhances 
may be made. The .serie.s is also procurahle from x\les.sr.s. Angus and llobertson. Syflney. 

H. H. A.*' 
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Table XIVa. — iKriiUENCK or Hreed and Weight on Cannon Bone Wejght 


(Mean weightu (grams) and signiftcanct* of differences) 



The camion bones of th<' rape-fed lambs are lighter. sugg(*sting that: the 
setback in growth which necessituted rape fattening lias alTected the skeletal 
development in its later-<ieveloping character of thickness growth. Tlie 
effect has been more marked upon the later-maturing Corriedale. Ikith 
these observations are in accord with the gmieral principles governing the 
differentia) effect of nutritioido). 
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Th(» most easily-measured index, of luine thickness is tin* weight : length 
ratio. Table XV shows tlie average weight in grams per (‘etitiiyetre of 
the riglit fore cannon lione (baseil on the means). 

T aiu .!: \\ 

S. I K Cross 
' Light 

Hea\ v 

Corrirdak 

Light . . 

\ y , . 

The difference between the 8,1). Cross w^eight groups is not signibcant, 
but the heavy Corrieda.|(?s have a liigBcr ratio than the liglit Corriedales. 

THE IXELCENOE OF 8EX i;j*ON OAHCAHS MEAtSCKEMENTK 
Bex differences in carcass measurements are shown in Table X VI. Wetlier 
Jambs are wider in the gigots, longer in the leg bones (tibia + tarsus), deeper 
in the body (thorax depth), aiul better filled in the crutch (F -- T). A small 
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difference in length of carcasB in favour of the wether lambs is not significant, 
while no difference exists in leg length (F). 

Taiii;k XVI. -Influrncb (ji- Sex ueox (Jarcass Measuhements 
(M ean rnoasureinoiitB (millimetres) and si/^nifioance of ditforenees) 
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The stronger bone development of the wether lambs is further illustrated 
by the respective cannon weights and lengths, which are greater in tht‘ unde 
sex. This rt^sult agrees with that of Hariunond(2), who found iliat the wether 
approaches the ram in length growth of its bones, while both length and 
thickness growth of bone is inhibited in the ewe. On tin' other hand, the 
reverse appears true of pigs, with which Wallace! H) reports a longer femur 
and tibia-fibula (though shorter cannon) in the natural female than in the 
castrate mal(‘. 

In respect to muscle, the advantage possessial by the wetlun* in T ami (4 
result in a higher T X G measure, indieating better muscle devek»pmeut in 
the male land). With both stronger,bone and better muscle development, 
fat deposition must be less in the wether than in the ewe. This is illustrated 
in Table X VI I, obtained by applying the (‘.quations deseloped in Part I. 


Tahi,.k XVn.- I nfij enck of 8 ex on (’ajk ass Compositii>n 
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liiiiie. 
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While no data appears to be available on relative fatness of the two sexes 
in sheep, it is of interest to note that this result is the reverse of that obtained 
l)y Wallace(ll) for pigs, where the female was heavier in the bone, heavier 
in muscle, and lighter in fat development than comparable castrate males. 
Sex differences in cattle appear to follow those shown to exist in this study 
for sheep (Gramlich and Thalraan(13) ). Commenting on this situation, 
McMeekan(5) states, “ It is possible that there is a species difference, not 
necessarily in the nature of the response to castratio!i but in the desgree of 
the response. It is clear, for example, that castration in either sex will 
increase the amount of fat in the body ; whethet the increase will be sufficient 
to alter the order of the difference between the sexes may depend upon the 
<iifference8 in endocrine balance produeijd by removal of the sex organs which 
may vary with species. A complete understanding of the results of castration 
must await solution of the maiiy fundamental problems concerning the 
funqtion, behaviour, and interrelation of the glands. of internal secretion.'* 
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Utilization in AaRicuLTURE 

Wliatever the fuiKiamt^ntal cauMC's may 1 m*, it is clear that s(*x inHucnccs 
the (.|\uility of a fat-lamb carcass. While this is so, it will be (observed that 
th<* difleren(‘e.s between the ewe and weth(*r are of small dimensions and are 
unlikely to be of major (‘ornmercijil importance. In view of the frequently- 
reported opinions as to the over-fatn(*Hs of New Zealand prime export lambs, 
the ]KiM.sibility of still further improving (pialitv through slaughter of 
uncastrated male lambs is worthy of investigation. 

Hkference 

(13) Orami.H'H. H. 3,. hikI Tuakm.an. K. [{.: Xrh. Ayr. fC.rpil. Stn. (Hull.) 252. 


MANUFACTURERS’ TOBACCO WASTES: UTILIZA- 
TION IN AGRICULTURE 

By H. O. .Askew and R. T. J. Bi.k k, Cawthron Institute. Nelson, N(‘w. 

Zealand 

Summary 

Tobacco wastes araoiuitiaii It# approximately 445 ton.s result after ttjbaeeo 
is manufaetunal in New Zeftlaiid atui re))ieseiit material of a potential value 
of £2,500 ]»er annum as fertili'/<M*s. 'I'he value of lht‘ nicotine on extraction 
would lie about £H,(HKK f'roeessiuijj of the wa.stes for nicotine would uol 
seriously <lepreeiate tli(‘ir \alue as fertilizerf^ after remo^al of the nicotine. 

iNTKODUC i fON 

1.V the [U(*paration of toluK'co leaf for tin* manufacture of cigarettes and 
}iij>e lobaeeus a consid(‘ral)le projiortitm of llie original weight of the leaf 
.jipp(‘ars as a waste juoduct, known in the trade oitln'r as shorts " or 
“ steins.'^ The form<‘r consists of pieces of cut h‘af. soundimes containing 
cleanings from the machines. &c.. and the latter consisting of the midrib 
or main \'ein of the It'af. Since the aiwmal consumption of toliacco^leaf 
in New Zt?aland annuints to S.tHHbUH) ]b.. it would apfiear that several 
Iniinlred thousainls of pounds vvinght of thesi* mat<*rials should be available 
for possible manufacture into other products. 

In the United States of America the ]>ossibilitii‘s ol‘ extrading oils, 
waxes, acids, cellulosic materials, &c,, from the large quantities of wastes 
available then^ have l>eeii explored, but it is not considoT(‘d that the 
quantities available in New Zealand justify exploration in these directions. 
Two avenues of usefulness sugge.st themselves for the New Zealand materials, 
(i) for inclu-sion in fertilizers or b)r use* liirect as fertilizers, and (ii) for tin* 
extraction of nii^otine. This latter in the forju of nicotine sulphate could 
be made available to tlie fVirmiug and horticultural community for use iji 
drejiches against internal parasites and sjways against pests of fruit and 
other crops. 

Experimental 

Six samphxs of difTerent types of waste tobaceo products have lieen 
obtained from the three largest companies operating in New Zealand. 

Determinations were made of lime, magnesia, ])hosphoric acid, )K>tash, 
ami total nitrogen contents, and these are expressed in Table 1 as pereentages 
ou the dry-matter basis. In addition, the glucosse, fructose, and sucrose 
contents have bdui determined. These were done to give as complete a 
picture as possiiile of the composition of these \vastes, although it is not 
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coiLsklered that they have any significance in the estimation of the value 
of these materials for processing under New Zealand conditions. The 
nicotine content of the samples has also been determined. 


Taulk I. “CiiKMicAn Composition of Toiucfo VVastks 
/Expressed as percentage on dry-matter basis) 
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The data show that considt?rable variations in mineral composition are 
to he found in these wastes. Contamination by earthy and sandy materials 
is variable, and in some cases is so large that the aTnounts of lime, magnesia, 
(fee., found in the samples will be greater than corr<?s|>ond8 to those iir the 
vegetable matiniai ; on the other hand, the nitrogen figure will be lower 
than in the absence of this earthy matter. Considerable variations in 
chemical composition between these samples are to be seen, especially in 
the potash content. The fire-cured stems contained 7*70 per cent. KoO 
(.m the dry basis, but the “ waste’’ of company C contained only l'7l |-)er 
cent. K^,0. On the other hand, tlfis latter waste show'ed 2*71 per (rent, 
total nitrogen, the highest figure found in this scricvS of samples. 

The glucose contents of these sam])les were in most cases low, the 
highest being 10-53 per cent, and the lou’est nil. In every case fructose 
and sucrose w'(*r(‘ either verv low’ (| per cent, or less) or ap[)arently aiwent. 

Use as Fertjltzehs 

The data of Table 1 can be calculated to a ton basis and the several 
iiutrients con verted to the equivalent amounts of the usual fertilizer materials. 
Tame is calculated to limestone, magnesia to dolomite, phosphoric acid to 
superphosphate, potash to sulphate of f>ota8h, and nitrogen to sulphate of 
ummonia. Table II gives the monetary vahies of the samples. 


Taule H. — Vai>i;e, per Ton, op Tobacco Wastes as Pertii^izebs 
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, NoTE.—^The following values psr ton have been used in the above calodlations j 
limestouo, £l ; doloihite, ; su^ 10s. f sulphate of potash. £3^ s and 

^idphate of ammonia, 
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1944] Askew and Blick. - Manufactukers’ Tobacco Wastes : 

UTILIZATrON IN ACRICOLTI’RE 

Under ordinary conditions thes«» wastes would contain (}rol>abiy about 
15 per cent, of moisture, so that the commercial value would lx* about 
one-seventh less than the dry-liasis value. This cojiimercial value is given 
in the right-haiul column of Table II. 

Complete data are not at hand for the total quantities of these w^astes 
available annually. Some of the (rompanies have indicated tlu* amounts 
they have for disposal, l)ut also stated that they aln^ady have outlets for 
j)art of the material. The following are the calculated values of the 
annual |)rodu<dion of these wastes, tlx* figure for conifaniy (- being an 
estimate : 
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A [)rospective value of £2,551 is therefore found for the vvastt*s available 
annually from the three largest (companies o})erating in New Zealaml. 

Three of the samples (»f ‘‘ shorts carry appreciable jmrceiitages of 
potash, and all the samples Inivf* useful f)ercentages of nitrogen. The 
whole of th(^ potash ean lx* considered to la* in a readily-available state. 
On the other hand, tin* nitrogen would become available slowly and thus 
should, |>erha|ts, be rated at a low'er value than the equivalent amount of 
sulydiate of ammonia, to which form the nitrogen figures have been 
calculated abt»ve. Tin* mabuial of the high-value saruf»les would ap{x*ar 
to be worth gritiding for tise as fertilizers. These samples wouhl be 
valuable not only as fertilizers used direct, but als<> as (xuiditioning agents 
in mixed fertilizt^rs. Moreover, the orgaiii<* constituents, on which no 
monetary value has lx*en placed, ha\’e some value as soil-improvers. 

liErOVERV OF NK'OTINK 

Besides their vjilue as fertilizers, these residues have a |x)tential value 
ajsi a source of nicotine for the preparation of nicotine sulphate. In 
Table III the jiereentages of nicotine on the dry basis and the value of the 
nicotine per ton of material both on the dry basis and on the basis of a 
content of approximately 15 }x*r eent, of moisture are set out. 


'fABLM nL—NieOTINliJ IN TOBACCO Wa.STKS 


€c»nipany. 

• 

TyjKJ of Wast«. 

Ku*C>fcilW!. 
jver Out . 

Value, 

pry 

per Tmi. 

Value, 
(ionmiercial 
Bnsii}, iier 
I’Oli. 

A 

Flue^oured ‘* stems ” . . .. 

0-92, 

£ 

15-4 

£ 

14*2 

A . , 

Fir©-*cured stems . 

1-83 

30' 7 

26-3 

A 

Shorts” .. 

1-99 

33'4 

28-6 

■/ ■ B.. ■: 

” Stems ” , . . . . . 

(*•66 

IM 

o»r» 

.' ■:p 

Waste .. .. 

2-00 

33'6 

28-8 

c 

"Shorts” .. .. ... 

1-4.3 

24-0 

200 
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In arriving at t;hi> above data, pure iiicotiin^ has been valued 'at 158. 
per |)ound. This is» of ecnirse, a[)proxiinately the wholesale value of the 
nicotine after proc’cssing. Just what price could be paid for these wastes 
for nicotiiH‘-extraction purposes cannot be stated dehnitely, but it would 
j)robably be not more than about £8 per ton. This is, however, at least 
as much as it is valued at for fertilizer purj>oses. 

Using the same data, for (piantities of w'astes as in the' previous 
calculation of total value a.s fertilizers, the annual values of the nicotine 
extractable from tluun would be (assumirig comjJete extraction of the 
nicotine):- 




( 'omp«uiy A . . 


(’nrnpHuy t{ . . 

( V»mpaiiy (* 

54a 

.. 2.010 

'I’oIhI 

S.OST 


llecovery of this £8,(KH) worth of nicotine would go far tow^anls satisfying 
New’ Zealand's annual requirement for this chemical. In a process which 
has been developial and is awaiting trial on a small commercial scal(% the 
nicotine would be made available in the form of a 10 pen* cent, .solution of 
nicotine as sulphate'. 

Disccssion 

Owing to the widespread occurrence of bacteu'ial and virus diseases in 
all toltacco-growifjg countries of the world there may be sonu* misgivings 
in the use of tobacc'o wastess for fertilizer purposes. The wastes could, 
bow^ever, he sterilized either by dry heat or l>y the use of supeu-heated steam. 
Either method of st-iudizing wajuld possibly r(‘duce the nitrogan content 
slightly, but th(‘ mineral constituenfs wotdd not be aifecte(l. Whether 
the materials <'ould l>ear this extra (-ost of pre])arati()n for sale is ijroblema- 
tical. On the other hand, the residue free<l from nicotim^ slioidd not act 
as a carrier of disease, beca.use in the final stage of the extraction [)roc(^ss 
it is di'ied by su})erheated st(»am and should therefore be sterilized. It 
wouhl also be in a rea.sonalviy fine state of division suitable for use as a 
fertilizer, Moro'over, none of the [)otash, lime, or magnesia is rtunoved : 
indeed, tlie lime content is incTeased owing to tl)e addition of hydrated 
lime to set free the nicotine before extraction. Owung to tlie action of the 
lime there will, however, lx* some reduction of readily^available nitrogen, 
and the total nitrogen content wdll be reduce<l l.>y removal of the nicotiiu'. 
Sale of the (*xtracted residue* may be exj>ected to hel):) offset |>art of the 
cost of lu-ofluction of the nicotine. 
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A NOTE ON THE AVAILABILITY TO SHEEP OF 
PHOSPHORUS IN THE FORM OF ACID SODIUM 
PYROPHOSPHATE 

By L- W. N. Fitch uiul 1. (t. McIntosh, Animal Kesearcl] Station^ 
Wallaccvillc, Department of Agriculture 

Summary 

Four lioursj uftor the oral administration of - 0 r»f j>h<*.si)l»orn.s in the 
form of jioi(i soHinm pyrophoaphatf‘ the hlood inorj^aiiic phosphorus of a 
I 2 :r<iup of .sh<*ep was si^^aificantly raised, 'fhe eifeet was eomparahle with that 
of>taine(i when a similar amount of phosphorus in the f(»rin of sodium dihydroj[?eii 
phfispluite was jiiven. 

Intkodintion 

In the course of experiments desiuned to test the value* of phosphatio 
licks in th(‘ prevention of ' how-lep in sheep it was considered desitahle 
to administer [diosphorus in a relatively pun* form. Ovvin^^ to wartime 
dislocation of transfiorf, sujiplies of sodinm orthophosphate or other salts 
in which tin* phosfdiorus is known to he readily assimilabh* by ruiniruints 
could not b(' oldained. Wh* were abh*, however, to obtain ade(juate a mounts 
of sodium [>vrop]iosphate for experimental work, but no rectird of the 
availability to stock of phosphorus in this form could be found. In view 
of the ndative stability of ))yrophosphat<‘ in vitro* it was necessary to test 
the effect on blootl phosfdiorus of feeding it to sln‘ep Indore usinp' it in field 
trials. 

Kxckkimkntai. 

Erpvrhnent A 

In a prelimiiiarv t rial two jiroups of five liomiiev hoppets (api* ten months) 
were employ<*<l, the first, ree.eivinp t>yrophos])hate ainl the second b(*inp 
untreated controls. Tin* sheep were prazed, beinp broupht in about 8.15 a.m. 
and bled at once for |iho.^phorus determinationt. They were handled with 
care to avoid excitation, and the uuiformitv of the pretreatment tiguros 
indicatt'H their reliafu’Iity as a basis for assessing tln‘ effects of the treat nn*nt 
to whicdi the}’ were subjia-ted. Initiail}' the pyrophosjihate was given as a 
drench, but from 27th July, 1943, was given dry in half-ounet* gelatin cajisules. 
This was a mucli simpler metliod of administration. .\s morning blood 
samples from sheep dosed with four or sixteen grams of p\Toph<)Sf)hate 
twenty-four hours previously, sliowed no increase in filiosphorus content, a 
series of samples were later collected at shorUu* iut(*rvals, uj> to six hours 
after treatment. The results , indicated that tlu* treatnu’nt liad raised the 
blood ])hosphoru8, and it was decided to check this finding on larger groii|)S 
of sheep. The results of the preliminary trial are tabulated in Table 1. 
Sheep Nos. 84 in group 1 and 65 in grouj) II had pfusistentlv low blood 

* 0-5 per cent, solutious of ncki sodium pyropho«phat(N with and w ithout the addition 
of 01 jMsr cent, jwpain (final pH ndju.«?U»d to 2 0) or 01 per cent, trypsin (final pH adjusted 
to 7*5), were iiuni bated for thr<‘o days at 37° C, No oonvorsion to orthophosphate could 
be detected in any of the solutions during this period, 

t The methiKl of Hriggs (1922) wati employed in which phosphorus in the form of 
orthophosphate but not aa pyrophosphate is determined, hence the valiiea given lio not 
inolttdo any pyrophosphate that may have l)eeu present in the blood. No attempt wag 
made to determine whether phosphorus w»js present in the blood in this form. 



Table 1. — Peji^tminarv Trial (ExpERrMENT A): Blood Piiosphurus, in Millkjbams per (.-en* 
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She^p were drencht^d as 9<K>n as the blw^ling of both groups was « on»‘huloiL t Exeliide<l from averaae (see text). 
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phosphorus levels. No. 84 died during the course of the trial, and to facilitate 
comparison of the groups, lioth of these animals are eliminated from the 
averages. Neither showed any signs of illness hefore 28th July, 1943, when 
No. 84 was very depressed when brought in at 8.15 a.in. It was hied, but 
not driMiched on this occasion. At 2.30 p.ni. it was unable to stand, so a 
final l)lood samj)Ie was collected, and the a-ninial was killed. Autopsy 
revealed acMite abomasitis with f\xtensive uhv^ration of the mucosa. 

Experiment B 

Two grou}is of tc!i Romney hoggets were used, each group includijjg two 
<if the treated animals from the previous experiment. Each group recei\’ed 
at suitable intervals two treatments : acid sodium pyrophosphate 8 grams, 
and sodium dihydrogen orthophosphate Ic grams. Both treatments coii- 
tributed a jjjuoxiinately 2 grams of phospliorus per lit*ad. As j>revi<>uslv, 
the sheep were bled in the mornings (a}>proximat<']y 8.30 a.m.) and rlrenched 
after the comjJetion of the bleeding. (>ii Itli August, 1943, group I r<*eeive(l 
pyrophosphate, whilo grouj) 11 wen* left as untreated controls. T1 h‘\ were 
all bled at l.O p.m., four hours after treatment, and the following morning 
grotif) 11 n‘(‘eived ortlu^phosphat**, group I not being tn'atcd. On the 
third day further blood samples wen* eollecO'cl for determination of |>hos- 
jrlionis, and the sheefi were then left at |>asture until 9th August, 1943. 
(’oinmencing 9th August, 1943, the foregoing procedure w’as n*p<‘ated, 
except thai the treatment of each group w^as reverse<l. The individual 
results are given in Table 11 and the group averages are grajJjed in Fig. 1. 
Table II includes a few observations made on the blood phosphorus content 
i>f grou}) II two hours after receiving sodium dihvdrogen orthophos[>hate. 

HEsiu/rs 

The rcvsults clearly demonstrate tliat dosing sheep with 2 grams of 
phosphorus in the form of pyrofihosphate is followed by a fairly rapid rise 
in blood f)hosphoru8. Tlie effe<;t app<*ars to be of a transient nature, as 
blood phosphorus is usually restored to normal in twenty-four hours. For 
(.‘omparison the re8[)onse of the two groups to either treatment may be pooled 
and compared with the average change in blood phosjdionis of ]>oth groups 
on the days whtm they represented the untreated controls at the commence- 
ment of the two experimental sub-fKjriods (Experiment B, Table 111), It 
will be seen that four hours after treatmeut with pyrophosphate the blood 
phosphorus was raised 1*09 t 0*12 mg. per cent, compared with 0*76 i 
(>09mg. |>er cent, after rectn^diig orthophosphate. The average blood 
phosphorus elevation of both groa})s lietween 9a.ni. and I p.m., when 
untreated, was negligible. 

Disoussion 

The conditions under which it is proposed to employ pyrophosphate 
prophylaeticaHy are suggestive of phosphorus deliciency, and it is recognisjed 
that under such Conditions sheep would probably react differently from 
norinal ui^d in these experiments. We believe, however, that 



Tabl^ II. BiiOOD Phosphorus, in Milligrams per Cent., i^ntreated ani> af'fer receiving Orthophosphate ano Pyrophosphate 
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tbp lespoiisc to pyrophosj^iatp would probably lx* accentuated, and hence 
that our results would ajiply with (Hpial or greater force under conditions 
of sub-optimal phosjdionis intake. 


AVERAGE BLOOD INORGANIC PHOSPHORUS LEVELS. 




CROUP r 

GROUP E — 

PYROPHOSPHATE ADMINISTERED • ® 

orthophosphate administered- * 

Ft<c 1. — Average blood hiorgaiiir phosphoms levels. 

The use of pyrophosphate is, of course, purely an experimental procedure, 
and it is not proposed that it should supplant more conventional sources of 
phosphorus in the prevention of phosphorus-defioiency diseases. 
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Table HI. — Elevation of Bloop BHOsrHORi's or Inoivloual Shkep between 9 A.af, 

AND 1 r.M., rNTREATEI), AND AFTER RECKIVINO OrTHOPHONPHATK AND F^YROPHON- 

rwATE (Elevation expressed in Milligrams per Cent.) 



No Treatment. 

Orthopht>8phate. 

Pyroi>lio8phHte. 

Groiij) ttucl Shtiep 
No. 

Date. 

Rise In 
Phosphate 

Date. 

Rise in 
Phosphate. 

Date. 

Riee in 
Phosphate. 

Crnnp 1 — 







r>o . . 

9/8,43 

0*5 

10/'8/43 

0*6 

4, 8/43 

0*6 

02 . . 


- 05 

0-3 

1*9 

40 . . 


-0*2 


0*6 


0*9 

60 . . 


-0*3 


0*2 


M 

68 . . 


0‘3 


1*3 


1*2 

69 . . 


0-4 


0*8 


11 

70 . . 


0-8 


0*9 


2-3 

90 . . 


-0*5 

M 

0*9 


1*2 

92 . . 


0-3 


1*1 


1*0 

95 . . 


0-4 


1*3 • 


0 

Group 11— 

47 . . 

4 8 43 

■ • 0-8 

5/8 4.3 

1*3 

O H '43 

1*0 

64 . . 


0-4 


1*4 


1*4 

71 .. 


0*7 


0 


15 

73 . . 


1 01 


! 0*() 

! i 

0*6 

78 . . 


0*7 


i 0*8 

1 •• 1 

0*5 

80 . . 


01 

I 

01 

1 1 

0*9 

82 . . . . 1 

,, 

- (L2 


0*7 

i 

M 

83 . . . . I 


0*5 

,, 

0*9 

i 

0*7 

85 , . . . i 


0*5 


0*9 

! 

2(i 

86 . . 

- 

-^0* 1 


0-4 

- 

0*8 

Av'f:*nig(? 


0*08 t o n 


0*76 0*09 


1*09 ±0*12 

C’ompiiriHori M'itli 



1 


I 


untreated 
animals— 
V’aluo of “ T ’■ 


• 

1 

• • j 

4*786 


6*242 

•Significance . , 



• • ■ i 

1 

H.S. 


H.S. 
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CANTERBURY LAMB 

By T). E. Walkkh iind C. I’. Mc,Me:ekan, Animal Rpsaarch Station. 

Depurtiiient of .\>fncult.ur«‘. Ruaknra, Hamilton 

{ Hfrrirfti for pnhlii'niiou^ ffith ./ww, /.V-//j 

PAHT in. (JKOWTH AND CARCASS yUALITV OF FAT I.AMBS 
OF DIFFKKKNT BRREDS UNDER - IDENTICAl. ' FIELD 
CONDITIONS 

Summary 

(1) (growth riitu nnd uurca88 data on four jinmpvs of iiunl»s miaiM} midur 
ulpiiiical fi<dd eondilionsi to moaHuru normal variahilit y hat e Ihn n reportoil. 

(2) Conaidmibli' variuliilitv within uaoh group in iiu}H>rtant. carcaas 
uharacters haw l.»Oi*n tlpinoiw trail'd. This is siu'h that, when the factor or 
treatment under study is likely to l>e roHjamsible for 20 iK'r (‘ent. or more of 
the total t ariaruT. si.xteen animals provided an adequate numljer tA» permit- 
differences in the more important carcass chnno'tcristics to show np to a 
significant degree. 

(3) Comparisons of gro\eth curves have Ijecm nuuie which demonstrate th*’ 
controlling inflnenee of this variable upon fatdarob quality. (Irovvth <Mirves 
for fat lambs raised under pasture conditions in New Zeulam! have been 
c'onstnicte^l. 

(4) ComfUiriHOii of the carcaMS quality of CoiTiedales, Border Leicester x 
Corriedtile, Hotithdoa’n X (V>rneda!e, awl Southdown x Romney fat lambs 
at nine months of age have ln»en made, and the ontstaniling sujs*riority of 
Down Cross lambs inoasiiretf. 

(5) A geiieraJ survey of the carcaas quality of thi' Tiiairi bre<*d'! and crosses 
of New Zealand fat lamb and of the relative inttueoce of brt'cd, weight, age. 
fationing systenn groMdh rate, and sex has Iwcn prcsenteil. 

INTRODlXmON 

It is well kmxwn that differences in nutrition cause differences in growth 
and development. The fact that animals ostensibly on the same plane of 
nutrition may grpw and develop differently is also recognized in general 
terms. Since this latter situation is one which frequently characterizes 
stock under field conditions/ it is important that the normal variance 
resiiitihg from it and associated environmentalinfluences should be accurately 
assessed as a basis to sound experimentation. In this seotioii we present 
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r(‘levaiit carcass and ^growth-curve data for difi'ereut breeds and crosses of 
lambs raised under conditions of feed and other environmental variables as 
nearly identical as is possible for numbers of stock in practical circumstances. 

The lambs involved were of four difiereiit breeds and crosses, representing 
the main fat-lamb types of Canterbury- Corriedale, .B.L, X Corriedale, 
>S.D. X Corriedale, and S.D. X Romney. They were raised on the Depart- 
ment of Agriculture’s experimental farm at Kirwec. All ewes wen? run on 
the same paddock from mating until weaning, while the lambs remained 
in this paddock until slaughter at approximately nine months of age. The 
pasture was of a good-quality rye-grass - white-clover type, showing a high 
proportion of red clover in late summer. Tlie lambs mny br? conskiered as 
having been reared on a high plane of nutrition throughout, since no feed 
shortage occurred at any time. They wore weighed at approximately 
monthly i n terva Is. 



Fjn. 1. — Bc8t careasMCK {all tu yaine scale). 

1, Corriwittle ; B.L. x Cotrk*di».l<> ; 3, S.I). x Corrieeifile ; I, H.D. > Houincy. 


As they were primarily involved in a project designed to test breed 
difierences in susceptibility to parasitic infections under normal field -grazing 
conditions, they were not slaughtered at the normal age and weight for fat 
lambs, but were carried through until the early autumn. This situation 
does not detract in any way from the value of the carcass data resulting 
rather has it enabled the examination of material just prior to the “ hogget 
stage ” as well as a study of growth oyer a much longer period than normaily 
available in respect to Canterbury fat lamb. 

The animals were slaughtered at tht> Kaiapoi works of the North Canter- 
bury Farmers’ Freezing Co. and carcass measurements (as described in 
Part I) taken. The right fore cannon of each lamb was also collected for 
subsequent measumnent. Photographs were obtained of the “ best/" 
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*■ worst/' ao(i “ average " carcfiss in tNicli ^roiip. For this purpose tin? 
carcawsses were suspended from u f^amhle carryin^^ a foot rule so tluit all 
photographs could be reproduced to scab*. 

I. (MtVIP AHI^OX HK IJKS'I ('.\Rr.\SHKS 
Figure 1 shows the best carcass from eacli group all ])hotographed to the 
same scal<‘. Striking breed dilTerences in conformatioii are apparent. The 
S.D. X Corriedale (No. 3) is of the most desirable* type a short “ hlooky 
(jarcass, wide in the loin and gigots, with a short F measure and well-tilled 
crutch. Th<* shoulder is also well develope*d and the neck and fore legs short. 
The S.l). X liomney (No. 4) also shows a good tvpe of carcass, sfightlv 
better in the loin than No, *1. riowev#*r, tin* leg dev(‘lopment is not as 
good as in the 8.1). X (Jorrie<lale. The F m(‘a.<urement is longer, and 
since T i.s actually slightly sliortf*!*, this can la* attributed to tin* j)oor(*r 
development of muscle and fat in the crutch. Tlu'se two (‘arcasses are of 
the same w<‘ight (oH lb.), but No. 1 i.< slightly l(nig(‘r and slnnvs a rather larger 
neck an und(‘sirable feature, since it commands a relatively low price. 
Tlie H.li. < Corriedale carcass (No. 2) shows a good loin develojmiein but 
a poorer h‘g " than Nos. /] ami 1 . Also, the shoulder is not as well d<*veloped 
and the neck and thorax relatively cheap parts are longer. The length 
of carcass (L) is great<*r than in any of the other three, although of eo:n])arabh‘ 
weight. The Corriedale careass (No. 1) shows ii[) poorly. The legs tend 
towards an undesirable Y .shape. \ long T nn'asiire is a.ssociated with a 
long F and poor iilling in the (‘rutch. The loin is not as vv<dl developed and. 
although the eareass is (d' tlie same length (L) as No. 3, the gigots an* sigiiili* 
cantly narrower. 'Fhe slioulder is poorly developel and the neek too long. 
Thi.s carcass is apjiroximately (> lb. lighter than tin* otliers. 
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P^igure !2 shows the same carcasses all scaled to the same leg length (F’). 
This illustrates the relative compactness of the carcass and is a }>hotographic 
measure of tb<' width of gigots and l)udy length relativt* to the leg length. 
The superior conforinatioii of the 8.1). Cross lambs is outstanding. In 
contrast, the long-legged breeds - the Corriedale and the B.L. x Corriedale 
show" up poorly. These latter show" a very poor gigot development relative* 
to the length of leg, and the importance nf short, thickly-fleshed legs is w'ell 
illustrated bv comparing the Corriedale (No. 1) w"ith the 8.1). x Corriedale 
(No, 3). 

By applying* the T X G formula (Part I) it is seen that the B.L. >: 
Corriedale carries the greatest weight of bone and muscle, follow"e<l by the 
Corriedale, the 8.1). X Corriedale, and the 8.D, x Romney in that order. 
The estimated composition is shown in Table XIX and also the percentage 
of each tissue to the base. Corriedale - 100. 

. .ii* . 
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TaUI.K XI X. — (VlMroslTltl.N <»F, BksT (’ARCA fiSlSS 


ItrH'il. 1 

JlOIlf, 

! 

1 


I 

•(Niiru^dalo . . . . ' 


100 

B.L. >; Comcdalo . . 

2.1)81 

101-2 

S.D. > CVirrif'dale , . 

! '2.rm 

94-n 

8.1). X liomney 

\ 2,480 

92-8 


Miisdo. I Kftt. 


Weight. 

. - - 1 ■ 

i t 

i Ctirceiitaiit* i 
' ( 'urricdalc. | 

VV.*l«ht. 

j tVroeiitagi; 
i (’(»rrlc<lult*. 

g- 

11,702 

i i 

: 100 ! 

K- 

:),950 

i 100 

11.907 

101*2 ; 

8.429 

1 141-0 

1 1 .(UMi 

04:{ ; 

9. SOI 

j 1 0 ") • 7 

I0,S97 

92*0 ; 

10.109 

; 109-8 



Tlxe length of cannon hoiwi (Fig. 3) reflects the same onler, as does also 
its weight. The Corriedale <‘aiinon (No. 1) is typically that of a relatively 
uhiniproved meat breed in its length^' and comparative narrowness. The 
B.L. (No. 2) shows a slightly longer bone which is broader in proportion and 
indicative of the simii-improved tv[»c of carcass* In contrast, the bones 
from the 8.1). Cross lamias (Nos. 3 and 4) are relatively short and broad 
and typical of the improved meat animal. 

These comparisouAS, along with the others of like nature presented in 
this study, strongly support PalssonV suggestion that the quality of a fat** 
lamb carcjass is oloseiy .associated with the type of cannon bone. The 
practical applications, in view of the readily -observable nature of this part 
of the body, at^vobvious. 

the importance of the rate of growth in its effect on carcases composition 
has b^u shp^ by MoMoekan(4, 14). The growth curves followed by the 
lautbs of Pig. l^rre show 
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The lower rate of grow^th of the Corriedale throughout is noticeable. 
The other curves are fairlv unifonu, although from 90 to L50 days the 
8.D. X Komm\v has gained weight more slowly than the 8.D. X Corriedale 
and the B.Ij. x Corriedale. It will he noticed that these two latter reacheil 
70 Ih. live-weight (at which lambs are ready for slaught('r) at approximately 
the same time y.e., about fourteen wrecks the S.l). X Romney was about 
a week later, and tlu' Corriedale took approximately another ten days. 

!l. (’OMUAKISON OF ' WORST (‘AHCASSKS 
Figure 5 shows the worst carcass from each group. All ar(‘ very poorly 
“ hnished/’ although the Corriedale carcass (No. o) was the only one gradiai 
*' Second,” The very poor type of carcass which a badly-grown Corriedale 
yields is well illustrated. The gigots are narrow and the legs long and Y 



Kjo. 5.— Womf <‘arf'aHi4CH (all to narue 
ff, (.’orri«.'<.hi,I(* ; 0, JtL. >; ('orriedalt* ; 7, S.D. x C()rn<*tlftle ; 8, S.n. ;< 


shajKHl, carrying shallow muscles andiscarcely any fat. l\)or loin develop- 
mejit is evident. The shoulder is flat and the fore legs aful neck long, 
although the fore end of the carcass show^s rather better developineut than 
the hind end. 

The H.D. X Corriedale (No. 7) show's the type of carcass which results 
when the cross throws to the Corriedale. The legs are long and poorly 
filled as Gompared wdth those of the best ” carcass in the group (Fig. I, 
No. 3), which favours the 8.1). The fore end shows typical Gorriedale 
charactpristics in the peak(?d shoulder resulting from prominent thoracic 
vertebrae and in the long fore legs and neck. In coniparison, the hind end 
is not so poorly developed. Both these lambs were wethers, so that sex is 
not a determining influence. Although the 8,1). X Romney carcass (No. 8) 
shows the best gigot development rdative to the length of legjn this group, 
the loin is poorly developed as compared with that of the best ” Garcass 
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(Fig. 1, No. 4) aiul tlu* shouUlor development weak. Poor ‘“finish’' is 
evident from the wrinkling ov(*r the shoulders. In contrast with the other 
carofisses of this group, the B.L. x Corriedale (No. i\) shows up comparatively 
well. Less variation was /ipparent in this hriMMl grou|», all Iaml>s being by 
the same sire. Hf)W(^ver, this carcass is markedly inferior to the “ best ” 
of the group (Fig. 1, No. 2). The leg length (F) is greater and the crutch 
poorly filled, while the shoulder is weak. Pnonu' niiis<'le and fat develop- 
ment i.s evident tliroughout. 

(Carcass measure»nents for tliis grouji aie shown in Tabh' XX. It will be 
noted that, despite their ag<‘, weights of these ” worst '* carcasses are no 
bet1(*r tluin normally (‘.vp(*ct<*d from fat lambs of four to fiv e months of age. 



Pi c 0,- -Worst carcu>*soK (to .same leg leiii£tl\). 

(.‘oiTiwlnle a, B.L. x Oerri<‘dale 7, S.D. x CorruMlalo s. s.l). x ISomncy. 


Tabm: XX, — (’akcass .Measuhements, ‘ Worst “ (’aiu asses 


-BrfMnd. ; ,5? i 0. 

ic 

Til. 

F. 

T. 

1 (-ftniion. 

L. ! ! 

; Weight. 1 M. 

i 1 



Wfti«ht:j F - r 
M. 

i 

i T x G 

J 

lu>. I-Mm. 

Mm. 

Mm. 



.Mm. 

iMm. 

1 

Mm. 

! Mm. 

i Mm. 

Corriedale . . | 34 223 

i 2(if) 

3m) 

220 

605 

42 ;t j 

131 

i 32 -3 1 80 

j4!),06() 

B.b, (\>rriedHle 37 ' 235 

21)4 

275 

200 

610 

37!) 1 

118 

1 32 1 1 75 

147,000 

S.l). y rorriedide 1 3tl ; 232 

i 273 

1 275 

203 

602 

39 8 ! 

124 

I 32*1 j 72 

147,096 

S.l). X Romney j 33 | 228 

23n 

2,37 

175 

.558 

28-3 j 

DVl 

! 27 5 ; 62 

1 ! 

Ini), 000 


Couiparison of these carcasses scaled to the same leg length (F) (Fig. 6) 
emphaaizes thd bett>er leg ” development of the 8.D, x Romney (No. 8), 
although this is the lightest care^iss in the group. 
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The poor development of the Corriedale (No. 5) in contract with the 
other carcasses is thrown into relief. A long F measure combined with 
narrow gigots has resulted in a very bad hind quarter. The H.L. X Corrie(|ale 
and the S.I). X Corriedale have the same F measirre, but the B.L. X Corrie- 
dale is slightly wider in the gigots and hence shows a somewhat better leg 
development. 

In spite of the poor quality of the Corriedale carcass, it may be seen (by 
rt‘fereiice to the T x G measure) that it carrie.s the greatest weight of muscle 
and bone. It is in respect to fat that tlie Inggest difference occurs, the 
Corriedale being markedly inferior. Table XXI shows the estimated 
composit ion of each carcass in tliis group. 



Fi(j. 7 , — Cannon bcmes (worst carcasHiM). 

I'orriMlalti ; 0, Ji.L. x Currir(iaU»; 7, S.J>. >; tJorriedalf* ; S, 8,l>. >’ IO»»iUM‘y. 


Tabi.k XXL— Compohitjon of “ Wojjst Cab(!A.S8E.s 


i Bone. 

Muaele. 

, Fat. 

llVreentAjjie 
Wtiglit. j(;oj.ri«dale. 

W(‘j*<ht. 

Corriedale. 


Corriedale. 

g» 

Corriedale . .. 2,.%0 

B.L. X Corriedale .. 2,4,3H 

8.1) , X Coritijfxlalc .. 2,442 

8.1) . X Kownev . . 1 

1 . 

UK) 

94-9 

952 

77 5 

g' 

11.579 
10,790 i 
10,917 i 
!• a, 759 

lOO 

94 8 

95 i 
77-0 

1 ■ ■ g’ ■ ■ 

1,105 100 

9,152 285-2 

23'70 242'2 

3,859 349-2 

' 'V 


The order for muscle and bone development is Comedale, ST). X Corrie- 
dale, B.L. X Corriedale, then S.D, x Eonaney. Here again both the leugthB 
and the weights of the cannon bones reflect this order (Table XX and B^ig. ?). 
It will be noted that the cannon of the worst '’ S.D. x Corriedafe (No, 
resembles that of the Corriedale (No. 5), while the oannon Of the 
y carcass (lKg.-3,'No. 3|'is.m6re'of'the;:8,P^1y|^,./:^^^ 



107 


1944] Walkek and M(3Meekax, CANiKHiiURv Lame 

Th(! n^lativft slimnesfi of the shafts in this group of cannons as compared 
with those of the oorrespf>nding ix'st carcasses (Fig. 3) serves to emphasize 
the clesirabilitv of hreaM or thickness' of bone as a characteristic in improv^nt 
meat animals. 

From the grmvth <iurves followed by the laml)s in this group (Fig. 8) it 
(*{111 be Bern that, while the ratcis of growth are consistently lower than those 
of the liest ■’ lambs (Fig. 1), thi^y liave also been more subject to fluctuations. 
Inspection of the carcasse.s .serves to emphasizi* the undesirability of this 
tvjie (»f growth curve for tin* optimum development of the meat animal. 
hVom an economic point of view additiomil force is given to this argument 
hy the fact that these lainlis were very slo\^' in reaching a suitable weight for 
slaughter. The earli(*st to reacdi the 70 1b. live- weight mark was again th(* 
8.1). X Oorriedale (which took twcntv-(»ne w^eeks, as against fourteen weeks 
for the Ixvst ’■ himb of its group). Tin? B.l... Cross and tlie Oorriedale wio’c 


MINIMUM GROWTH CURVES 



nearly six month.s old before they were fit to kill, while the S.l), X Romney took 
almost se\'en months to approximate the standard li^'e-weig•ht for slaughter. 
As has been mentioned, these lambs were nominally on a bigli plane of 
* nutrition and the situation in this case has been due to other factors, but tlu^ 
same position arises when lambs are raised on a low plane of nutrition or, as 
more frequently occurs, when the feed-supply i.s subject to fluctnations(14). 
The undesirabilitv of any impediment to^the maintenance of a steady rate 
of gain from birtfi to slaughter is clear both from economic and t|ualitative 
a8|w*cts. 

HI. EFimrr of rate of growth 

Figure 9 sbows the average growth curves derived from the maximum 
and '' inimmum ” curves (Figs. 4 and 8) and also the mean grow^th curve for 
all laipbs, irrespective of briHHb 
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Marked differences in the rate of growth are ap|)areMt. The divergences 
from the mean have been greatest during the ])eriod from 90 day*'^ to 150 
days. From al>out three months after lambing the milk-sup])ly of the ewe 
falls off very rapidly (Bonsma(9) ). Some lambs Huff(*r a setback at this 
time, while others, [)ossibly la^cause they have become more reliant on pasture, 
continue to grow rapidly. Wi'aning wears when the laml)s art' alKnit five 
months old, and the discrepancy between the growtli curves of th<‘ fast- 
and slow-growing lambs is most juarked at this time. Lat(*r there is a. 
tendency for the growth ratio to even up. It will be noticed that tluring the 
last two months before slaughter the curves are ap]>rt>ximately parallel 
the rate of gain has been the same in each grou]). 


AVERAGE GROWTH CURVES ALL BREEDS d CROSSES 



The difference between tlie groups in the age of attaining slaughter weight 
is very marked. While, on the average, this weight has l>een reached in 
120 days, a fa.st-growing lamb may be fit to kill when about 112 days (»ld, 
whereas ojie that lias grown slowly may require nearly 170 days. 

Table XXTI shows the estimated carcass compoBition of lambs corre- 
sponding to these growth curves. The actual weight of each tissue has also 
been expressed as a percentage of the weight of that of the mean worst 
group. 

Table XXII. — ('Urcass Composition 



Bone. 1 


Fat. 


i 

' Pereentagoi 

i 

Perpenta«e 


Percentage 

1 

W<‘iKht. 

Mean 1 
^ Worrt. 

Wt'lpht. 

j 

Mean 

Worst. 

Wciiaht. 

Mean 

Worst. 


U- 


K. 


K. 


Mono Worst (slow growing,' 

2,35(j 

UK) 

10.(»45 

100 

2.700 

lOf) 

Mean — ^all lambs * • j 

l>,500 

ilm 

11,106 

IM 

3.909 

223 

Mean best (fast growinsr) | 

2J>71 

, lOU 

11,430 

114 

8.598 

317 
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Walker and McMkekan. Gantekijury Lamr 

It will be noticed that tlie orch-r of nni^nitude of the pcrceiitaj'e iiici*eas(*s 
corresponds with the. order of developinont of the tissu<*s, bone, muscle. a,n<l 
fat, and provides an interestin^i demonstration of the principle e8tablishe<l 
by McMeekan(4) for pigs ajid Verg(*s(7) for sheep as to th(' differtmtial eth ct 
of rate of growth on the animal l>ody. 

The lower section of Fig. 10 shows the smoothed meiii)-growth curve for 
all lambs. Tt has been shown {l4ro<ly{15) ) that during tin* self-accelerating 
phase, of growth the growtli ( urvf* is in ide up of several s<‘gments or cycles. 

When data plott(‘.d on arith-log paper are <listributed about a straight 
line it may be (concluded that tin* p(n‘centag(‘ rate of growth is constant. 



In the u|>per section of Fig. 10 the mean growth curve has been plotted 
in this way, and it is seen that the curve may be divided, if somewhat 
arbitrarily, into three distinct phases during which percentage rate is 
constant. The slope of. the various segments has been calculated from i he 
formula W -- in wdiich W is the weight of the animal at the age f, c 
is the base of natural logarithnts, ajul k is the relatix e (or, when !uulti plied 
by KX), the percentage) rate of growth(15). Thus, during the age }>eriod 
of 30 to 4X) days, growth takes place at 1*3 per cent, per day. From 
tX) to 150 days, when jjasture growth falls otT and the milk^supply of 
the ewe decreases rapidlj’^, a lower rat^e of growt.h is sliown (0*63 })er 
cent, per day). Weaning occurs when the lambs are approxiniatelv 
150 days old, and is followed by another tall in growth rate to a constant 


LBS. Live WCiQHT 
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level of O'l 2 |>er cent, per day. This rate |K?rsi.sts until the ]aml)8 are approxi- 
mately eiglit months old. On a gain per week basis these figures agree fairly 
closely with those obtained by Hamniond(2). Tt appears that a self- 
inhibiting phase of growth has Ijeen reached, although it is unlikely that 
these lambs have reached the age of puberty, af which time Bro<ly(ir)) 
states this ]>hase is entered. 

IV. BUEEI) COMDAHISONS 
A. ('on FORMATION, OttOWTH, AND ('OMPO.SITION 

On th(* average the best type of carcass was found in the S.l). X Eomney 
group, which also had the highest growth curve (Fig. II). While some of 
the S.D. X ('orriedales liaci better carcasses (s(h* Fig. 1), greater variability 
was evident in this group, some of the carcasses resembling the ( V>rriedale 
type (see Fig. 5). The effect of the sire on conformation can be seen by 
comparing the first three carcasses of each series (Figs. 1 and 5). The use 


mean growth curves 



of the B.L. ram on the Corriedale ewe results in a (lefinite un|)rovement in 
the conformation of the lamb, but the B.D. ram normally reduces the 
proportionate length of leg and throws a much superior type of carcass. 

The material provides a basis for breed comparisons. The B.L. X Corrie- 
dale group attained the highest mean carcass weight (46*4 lb.) » followed by 
the 8.1). X Eomney (44*7 lb.), the 8.1). x Corriedale (44‘4 lb.), and the 
Corriedale (41*2 lb.). However, the S.D. X Romney group were the first 
to attain an average 701b. live-weight (time, 106 days)* The mean-growth 
cun^e (Fig. 11) shows that this group, although slightly lighter than the B.L. 
X Comeibile at thirty days of age, gaiiied weight niore mphily than any 
other group until surpasHtid by the B.L. X CorriecialeJ; 
weeks before slaught#. The rapidity of the early gains might be attribute 
to the superior milking ability of the Romney ewes coiubined wfE^ 
eariy-nmturing propensity inherited irimi the 8 ^ ^ ^ 
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The B.L. X (V^rrieclales, as a later-iriaturiiig oross, made a somewhat 
slower rate of growth, but contitmed to gain weight fairly steadily. As a 
group they reached the highest final live-weight (97 lb.), but took twelve 
days longer than the S,I). x Rotnney group to attain slaughter weight. 
The later-mat iiring ('orriedales ma<ie th<‘ slowest gains and finished up wdth 
the lowest average live- weight (87 lb.). They did not reach the 7011). mark 
until 133 days old. The 8.1). Corriedales followed the (^orriedales very 
closely .until they were about nine weeks old, wdien they begaji to increase 
in weight more rapidly, so that they were fit to slaughter ten day.s earlier 
than th(‘ ('orriedales. 


RELATIVE CARCASE COMPOSITION 


% 

150 

40 

30 

2o! 

10 

LOa 


-10 





BONE MUSCLE FAT 

TO base CORREIDALE - lOO 


^aL.XC. 0SO. XC. |SD. X R. 

Pm. 12. 

The rfdative mean carcass composition of the various breeil group.s as 
compared vvitli the (’orriedale is shown in Table XXIJT and Fig. 12. 


TABian-XXiIl. “-R)CLATiVK Misa.s f!AHrASs Composition of Bhf£i> Oroi i\s to Base 

OoRHlRl)AI.K — 100 


Gnnip. 1 

Inoiie : Perr’<?iitaiif' : Pvrtroiitnjrt* 

I Corrit'da'ft, (^orriodah-. 

I Fat : Peroeiitagi* 

(’oiTl**diik^. 

Comodale .. ! 

100 

100 

100 

B.L. X (>»rried«le * . • • i 

105 

1 ■ 105 

134 

S.l), X Corriedalo . . . . i 

03 

03 . I 

152 

X-' Romney j 

(HI 

' . 00 . 

147 
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The B.L. X (V)rriedales show higher percentages of both muscle and bone 
than the (vorricxlales, but the other two groups are lower, tht; »S,1). X Oorrie- 
dales being slightly lower than the 8.D. X Ronmeys. The most marked 
diflFerences, however, are shown in respect to fat ilevelop»nent. All groups 
have a much higher percentage of this tissue than tlie Corriedales. On aft 
average the S.D. x C'orriedales carry the most?* fat, followed fairly closely 



Fio. 13. — Average grade 4 carcass from each group 
1, CorriotlaU»; 2, B.L. x Currledale; 3, S.O. X Carfie.!;Uo ; 4, S.T). x Komuey 


by the S.D. X Ronmeys. The later-maturing B.L. X Corriedales fell some 
way behind, but are still greatly in advance of the Corriedales. 

The slight difference in order of bone, muscle, and fat development in 
these “ mean data as compared with the “ best ’’ and “ worst data is 
understaiidable in view of the fact that the latter are based on single lambs/ 
the growth rates of which deviated markedly from the means. • .. 
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H- Comparison oe Mean Carcass Measuuements 

(a) Widt/f of Gigots (G), — The CorritMlaies liave narrower than 

any of the other three classes, ])etweeii whicli no difTerences exist. ( 'om parison 
with the data of Table Vf illustrat(^s the effect of* inaturity in increasing tin* 
size of the hind quarter as measured by C. It is of* interest also to note that 
increased inaturity has not merely reduci^d tlie relative diff(‘rences between 
the ])reeds in relative development of (J, but has r(*v(Tsed the order in some 
cases. (Compare (,hrriedale and 8.D. X t'orriislale, Tables \M and XX1\'.) 

(/>) [jenglh of Tibia | Tarmn (T —Then* is no flifference in this measure- 
ment betw'een the CorritMlales and the B.L. x ( orriedales or betwe(‘n tlie 
tw'O 8.1). Cross grou[xs, though lioth tliese latter groups an* shorter in T than 
either of the other two groups. The (’orriedales show a relatively greater 
increase in this measurement with age than do the 8.1). ('ross lamlis, as may 
l)e seen by comparing Tal»h‘ XXIV wdth Table VII, a result in line with the 
later-deveIo[)ing characteristics of an ‘‘ unimproverl " meat breed. 

{( ) Product of Ijoigth tf Tibia t Tarsus and Width of Gigofs (T x G). 
The order of the various groups for muscle ami bone development as measured 
by T X C has been di.scussefl already. The signitican(*<* of the inter-l)reed 
diffe*rences is shown in Tabh* XXIV. 

((/) Length of T^^g -DifTerences in leg h*ngth are closely related to 

dilferences in T. The ( ’orriedales do nor differ from tin* B.L. x ('orriedales, 
nor is there any significant diflerence betw'een the two 8.1). Ooss grou}.>s. 
As might be exjiected, the 8.1). Cro.ss groups are shorter in F than either 
of the oth(*r groujis. 

(c) Depth if Thorax (ThJ.So breed difTerences in this 'measununent 
ayipear (Talile XXVI 1). This result may be contrasted with those of Table 
Xl, wduTe the heavy (V^rriedale lambs are dee])er in the thorax than the hcfavy 
8.D. (Voss laml)s. With increa.se in age 8.1). (Vo.ss lambs therefore show" a 
relatively greater increa.se in Th than do Corriedales, a result in line with 
file late-developing nature of body de])th(2, 4). 

(/) Length of Bodg -The 8.D. X Corriedale lambs are shorter in 
the body than any of tlie other grouj)s. The B.L. X Corriedales have, the 
greatest mean length, but the difference between them and the Corriedales 
is not .significant. 8,D. X Homneys occupy an intermediate ])osition. 


Taiu.k XXIV. — Hriieo Co.\feARi.soNs of Carc.ass .\Ie.\scke.mfnts 


( Mea a measnrfmt*n la 


ami .sigiiificanre of diff rern'es; 

— 

iVirrh^laU'. 

n.i., X 

Corricdalt?. 

s.n. > 

Corriedale, 

S.D. X 
Homney. 


Width of Oigois (0 ) 



(Corriedale . , 

233 -Tfi 

88 

88 

88 

B.L. X Corriwialf . . 


247* 14 

NS 

N8 

S.T). X Corri€Hlftlc‘ . . 



244- 19 

N'S 

8.1). X Romney 




249 -41 

8 

.E. gix>up means 2-17 



Length Tibia -f Tarsus (T ) 



Corriedale . . . . 

208-41 

N8 

88 

1 88 

B.L. X Corriedale .. 

, , 

20r)-79 

88 

88' 

8.1). X (Jorriedale , . 



188 -HO 

N8 

S.T). X lloraney 




191 12 

■ S 

.15. group meana ~~ 1-93 




i^S dignKamt At 1 per cent, level; S « Bfgnifleftnt At 5 i>er cent, level; NS « not Bignifleont. 
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Table XXIV. 

— HflERD (’OMPAHISONS OF 

( ^A»CASS Hea S( • RRMEXivs — Contitmtd 


i 

B.L. 

Gorri <la)p. 

S.n. . S.D. : 

< '{>rra'<lal<*. Romney. 

Prodin't 

of Lf nyih of T'ttiia i Tor^oH amt Width of Gi (join (T X G) 

Oorrit^dalc . . 

B. I^; X Oo! ric<]ule 

..48,713-4 

' i 

S 

50,877-4 

S 1 NS 

SS ! .S.S 

S.D. X t’oiTie'lalc 



40,002 -S ! NS 

S.D. X Honiney 

... I 


1 47. 130 -2 


S.K. aroup incaiis 7h)*4.‘J 


hfmjth of Lffj (F } 


Corriodah' . . 

.. i i7(M2 1 XS 

ss 

SS 

B.L. X Ooiriedulo . . 

..I j 208-00 

ss 

ss 

S.D. X Co fried alf^ . . 

. . I - i 

241-40 

NS 

S.D. >; Romney 

S.K. group means 3 -27 


241-21 


Length of Hody (L) 



Corrieflale . , 

.. i 016-8 NS 

SS i 

i . NS 

B.L. X Corriedale . . 
S.D. X Corriedale . . 

.. i .. 025 0 

. . i 

ss j 

593 • S 1 

SS 

s 

S.D. V Rornnev 

. . I . i . . t 

i 

li07-8 


S.K. ijfrDup incar.s 4 


SS w- simiiflcaiit nt 1 jxT ci'Ht. lovd ; S at 5 per , ; NS not ^ilffnifkant. 

{g) Length of Right Fore Cannon (^f)r \r^ for T ainl F. t [)ore are no 
difFereiices in cannon Icnj^th between the C’orrieilales hikI x ( "orriedales 
or between the 8.1). (b oss mtoups, and the latter groups are shorter than the 
former. The Corriedales have shown a slightly greater increase in length 
with age than liave the 8.D. Ooss Jainb.s, 

(A) Weight of Right Fore Caa/nw. — The Ji.fj. x C^orriedale Iambs show 
the heaviest cannon bones, ('orriedales are also heavier than 8.D. X 
Oorricdales. 


Tabl>: XXV, — Bkeeo (^ompakisons in (Unnon Hone ]..enoth ano Weioht 
(Moan ineasurfmcjUs and of ditt^-'ron<'e^• ; 


! Gurrfwlah-, 

i i 

li.L, X 
< ’« »rrh-(lalc. 

S.D. X 
Gorrii-dttU'. 

S.D. /. 
Jtoiniiay. 

Ltuglh of CamtoH ( M ) 



.Mm. 

^Im. 

>fm. 

■ Mm. 

Corriedale.. .. ,, 123-47 

■ NS 

■ SS 

1 SS 

B.L. X Corriedale . . . . . . ♦ 

123-79 

I SS 

SS 

S.D. X Corriedale . . 


110-00 

NS 

S.D. X Romney 



109-06 

S.K. group means -- 1-34 


. • 


Weight of Canmn 

S* g- g. g. 

Corriedalo.. .. .. SS 8 NS 

BX. X Corriedale .. 43 *44 SS SS 

S.D. X Corried«> .. .. .. *. 35 08 NS 

S.T). X Konmfey .. .. , . .. 35-92 

8, K. group means — 104 

SK slgidtcaRt at 1 per cent. levd ; 8 **« significant flfe5 per cent, level ; JIS ^ not rfgnlflSnt. 
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Since there h no sifjniiicant difTerence in leiigtli Ijetween the Corriedales 
.and the B.L. x ( Vitriedales, the large difference in weight must he attrihute<l 
to dilfereiK^es in thickness. This is clear from the weight : length ratios of 
Table XXAT. 

1 'Aiifa: \ \\‘l. “ W kiou'i : Lenoth Katios 


( Virriedale 

.. 31 34 

H.L. 

> Corriedale 

.. 3.7 on 

S.l). 

> Corriedale 

.. 31 SO 

S.l). 

■ Honinev 

.. 3204 


DlSt’USSiON 

Tlie <lata presented in Farts ], ll, and HI of this paper [ia\c jdacasl ii.s 
in a j)osilion to siinmiarize in genera] tenns the major carcass cliaracteri.stics 
of the prin(‘i|)al breeds and crosses of New Zealatal fat Iamb. In addition, 
they have j)rovide<l considerable information on the absolute atid relative 
vifects of such factors as weight, nutrition, sex, ami age. Some information 
is also a\ailal)l(‘ on tlie effeets of rate of growth in mollifying carcass cofi- 
formation and composition. To facilitate such genera lization.s as seenn 
permissil»le, the nu'an carcass measurements and cmnpositions are summarized 
in Tables XXVIl and XXVIll. 


'j'.Mn.K X.W 11. -.Mean Carcass Mkam rk.mk.sts 


orcDip, Woiuht. O. : Hi. . V. T. 1.. 2 - K T. t O, 

; , -.1 : ■ 


Breed and weight (five months) 
S.l). Cross- - 
Light 
Heavy 
Corned ale— 


1 1». -M in . l.M m . ;M in. ^1 in . ; \1 m . 


IMm.! ^Ini. , Mm, 


220 j24H j230 jlTo 547 i^o T \\m 55-1 3S,474 
3S-48 |223 |2o3 1231 |179 iooU |32-7 lOS ! 51-9 3U,SU4 


bight 

34 00 

21S 

252 

259 il90 

573 

30-2 

iir> 

05*3 

41,407 

Heavy 

3S'7U 220 

201 

2t»4 

195 

587 

39- 1 120 

08 • 8 

44,109 

Romney x ('orrieilale — 
light 

34*20 

217 

254 

246 

185 1570 


• ■ 

00-2 

4n,ll0 

Hen \'y 

3*.)*<K» 

223 

204 

250 

191 '592 



04*4 

42,079 

Breed and feed (five months) — 
S.l). Ooss— 

Milk 

30*21 

221 

250 

230 

177 

553 

31*7 

107 

50*0 

39.123 

Rape 

35* 7f) 

224 

251 

228 

180 

548 

30- 3 

100 

48*1 

40,187 

(V)ITifHlolO' — 

Milk 

37*13 

222 

257 

202 

193 

581 

37*7 

U8 

(>7 • I 

42,870 

Rape 

36* 12 

219 

267 

249 

193 

501 

35 0 

HO 

50*3 

42,275 

Sex (five mouths) — 

S. U, Cross-^ 

Wethers 

30-48 

. ; 

223 

254 

230 

179 

553 

32 5 

108 

50*9 

1 

139,920 

Ewes 

35-03 

221 

240 

230 

175 

550 

29*4 

|l05 

54 0 138,505 

Kirwee (nine months) — > 
Oomedale 

41-24 

234 

274 

270 

208 

017 1 

38*7 

123 

07-7 

48.713 

B.b. X (^orrie<lale . « 

40-36 ' 

247 

278 

208 

200 

020 

43-4 

124 

02-2 

1.50.877 

8.1), X Corriedale . . 

44-41 

244 

209 

241 

189 

594 

35 1 

110 

52*9 

46,>)63 

8JX X Romney 

44-7i 

246 

271 

241 

19V 

0(^8 

35*9 

109 

50*1 

!47,I,W 
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TaBI.K XWJll. -EhTIMATKII -VJbaN PKBOElSTAaE (’arcass Compohition 


(iroup. 

llouc.. 

Masrli?. 

FjU. 

BrotMl Hiul weight (fivr mouths) 

S.I). (Voss — 




Ijipht 

12 04 

52-42 

32-02 

Heavy • . 

( 'orriednle - 

120i> 

48-71 

37-01 

Lif^ht ' . . 

1410 

55-07 

28-53 

II(‘avy . 

Roninev X ( Vuriedale ■ 

14 Wl 

54-58 

29- 14 

Light 

13 02 

55-20 

28 • 92 

Heavy . . 

Breed and ieed (five month.s)— 

S.I). (Voss — 

13-10 

52 12 

1 

32 37 

Milk , 

12-32 

; 50-01 1 

! 34-82 

Rape 

UorritMlale — 

13-03 

52-90 

1 

31 79 

Milk ,. 

13-91 

55 • ( t5 ! 

28-72 

Rape . , . : 

Sex months) - 

S.l>. dross ■ ' 

14-39 

i 

1 

I 57 • 2(> 

: j 

21) -OS 

Wethers . . . . . . 

12-01 

51-33 

33-57 

Ewes . . . . . . • . I 

Kir wee (nine inontlis) - ! 

12-lS 

i 

50-37 1 

i 

34-95 

( ‘Orriedule . . . . . • j 

13-00 

1)0 -39 j 

23-13 

B.L. X Corriedale , . . . i 

12-70 

50-07 I 

27-52 

S.I). > Corriedale .. .. ., I 

11-83 

52-23 j 

33-00 

S. I). Romney . . . . . . j 

!2-0.'> i 

53-48 1 

32-15 


Throughout the* study the jmvemiuence of the S.I). as the sire breed in 
fat-lamb crosses is strikingly denionstfated. 8.D. ('ross lambs have a 
sup(*rior coniDrniation in terms of British market requirements, for which 
geiHTal blockiness of form, short h;g.s, deep muscles, well-developed hitid 
quarters, and high pro])ortion of fat at light weights place it in a class well 
above the C'orriedale, Romney X (brriedale, and B.L. X Corriedale. Tin* 
major weakness of the 8.1), ( Voss lamb — and this was apparent both in its 
cross with the Corriedale and Romney — is a lower yield of mu^scle and an 
excessively liigh yield of fat as compared with other breeds of the same 
weight class. As McMeekan and (1arke(3) have pointed out, this situation 
results in a higher calorific value (though a lower protein yield) per carcass 
and ])er pound, fn normal times, when the consumer is free to exercise 
preference, this is a real disadvantage in view of the increasing demand for 
lean ratlier than fat meat. In times of war, with the consequent foo<l- 
shortiige pr{)blems, the high nutritive value of the S.D. (Voss lamb has 
obvious advantages. 

In marked contrast, the straight ('orriedale is by far the poorest of the 
difterent breeds and crosses studied. Long and narrow, with shallow 
muscles, a poorly developed liiml end, wasteful bone, and an insufficiency 
of fat, it falls well below the other types in quality. In addition, the 
Corriedale shows up less favourably when “finished"’ on rape or when 
retained to heavy weights under normal pasture conditions. Since this 
breed does not fatten readily “ off the mother,” these latter characteristics 
place it at an even greater disadvantage. Its greatest merit lies in its high 
muscle (protein) yield. It is unfortunate, in view of these qualities, that so 
much use has to be made of this breed. Such use is unavoidable in view 
of the fact that the whole economy of our fat-lamb industry depends on a 
cheap J^upply of breeding ewes. Corriedales are not kept deliberately for 
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fat-lamb, but for wool, ])ro(luctiou. They are necest^ary for this ])ur|)o.s(‘ ou 
fine-wool country and for maintaining the ewe-su|)ply for adjoining fat- 
iainb-producing areas. In the [)roeess tliey yi<>ld vveth(‘r lambs that must 
be marketed as meat. Hince improved (juality follows improved rate of 
growth, there is a sound (‘ase for providing such himl>s with of)timum 
nutritive conditions. On the same argument, efforts to improve the milkir.g- 
capacity of the (V)rriedale (‘we — as y(*t an untouched research field iii New 

Zealand might be w’ell worth while. Improved (pialify would follow not 

merely in th(‘ straight ("orriedale laml», but also in j>rogeny l)y iniprove<l 
fat-lamb sires. 

The B.L. X ('orriedalc lamb occu|)i(Ns an intermediate position. The 
sire h<‘re has effected some degre<' of ini]»rovement, th(‘ cniss aj)proaching 
t he desired blockijiess of forrii. The <‘Xtremely long legs of the H.L., lioweA er, 
pla(.‘es it at some disadvantagt*. Th(‘ H.L. shows u|) us a later-developing 
i)r(aHl than tin* 8.1)., and it is imfnrtnnate that tlie only data av'ailable on 
this cross arc* for hind>s of heavy weights and greater ages than normal in 
fat-larnl) production, thus conferring an advantage on the cross in these* 
comparisons. From the gc’ueral trend of results it seems reasonable to 
conchidc* that the improvTm(‘nt noted would not be so pronoiinc<*d at lighter 
weiglits and younger ages. This summary of the B.L. as a fat-la ml> sire 
is iti lim* with its decreasing us<* in practice in favour of the K.l)., and its 
retention mainly for sjx'cialized local trade recpiirements. 

( 'ar(,‘assc‘s from tiu* crossing of two breeds recognix.ed as tat-Ianib-cwa* 
r)reeds Romney X Corriedah* -yield r(*sults in line witli the attributes of 
their jjaretits. Lunil)s arc* far from i(h‘al in conformation, but are a definite 
inj|>rovem(*nt on the ( ’orriechile. This is in line with the cojmnonly 'accepted 
practical o])inion ax to the su])erior carcass conformation of the Ronmey, 
to which the* improvement must fa* attrilnited. luimbs of this ty|>e are 
unlik<‘Iy to he a }>ermanent feature of the industry, coining mainly as by- 
|)rodu(‘ts from flocks on suitalile country using the Romney ram to grade 
uj) (’orriedalc ewes to the Romney type*. 

Only a limited amount of data is jivailable for the 8.1). X Romney, the 
most popular and most used fat-himb cross in the North I.sland and in South- 
land. Though sliowing little difference from the 8.1). x (’orriedalc, tin* 
results should be acceiited with reservation both in vi(*w of the numbers 
involved and the excessive age of the indivitlual animals. 

Of the factors otlier than breed which have been shown in this study to 
affect* carcass quality, increasing \veight increases all measiirements. The 
differences betw^een the light-weight groups and heavy-weight groups, iiow- 
ever, do not show" clearly any marked relationship between such increa.ses an<l 
the relative order of development of the different parts as might be expected 
from fundaraental growth studies (4, 5, 15). This is probably tlue partly to 
the small <lifference in mean carcass w^eight of grade 2\s and grade 8’s, and 
partly to the probability that lambs qualifying for slaughter as grade 2's 
will be those which are relatively earlier maturing and which accordingly 
show good development of late-developing regions. 

Study of the effect of the two major nutritive differences operating in 
commercial fat-lamb production has yielded extremely interesting results. 
The influence of milk versus rape fattening is obviously affected by breed. 
This is clear from the fact that lambs of superior fat-lamb tyf>e (Down Cross) 
improved on rape feeding, w^hile lambs of the unimproved tyi>e (Corriedale) 
deteriorated in quality. Quite obviously a strong breed/ feed interaction 
effect exists. Calculation of tliis interaction from the analyses of variaiK o 
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data shows this to be highly significant and of the order of 3*0 per cent, to 
5*1 j)(‘r cent, for the most important measurements. It is suggested, that 
the jirobable explanation of this situation is that most Down Cross lambs 
are ca})able of f)eing fattened to the desired conformation and retain this 
capacity (or a considerable time. Small lambs of this type, too light to go 
fat off the mothers, can be very efficiently finished on rape, to which they 
respoml in a manner similar to animals (dianged from a low to a high plane 
of mitrition(4, 5). (inversely, the Corriedale yields fewer laml>s fat off 
tlie mother, leaving beiiind for subsequent rape fiittej\ing animals that are 
so late {leveloping in character that even improved nutrition results 
merely in additional growth rather than in fattening. 

Sex difTerences have been shown to exist and to l)e significant. In con- 
formation tht' ewe lamb has a small advantage over the wether, while in 
composition the reverse is th<‘ case. Though not of great commercial 
signific.ance, sex effects are sufficiently important to warrant consideration 
in experimental planning, while the relative fat-development situation is of 
interest and importance in studies of fat metabolism. >Sheep appear to 
resemble cattle in this respect, the natural female tending to lay down hit 
more readily than the castrate male. 8inc(» excessive fat in lambs is likely 
to f)rove an embarrassmeut in post-war marketing, the possibilities of non- 
castration of male lambs seenus worthy of iiiv(‘stigation. Sheep of the 
breeds uiubu' review are not sexually mature until they are eight to ten 
months of age, so that such a practice is not likely to result in any liarmful 
effects n])on flavour or texture of the resulting meat. 

Whil(' no direct measure of the influence of age has been obtained, com- 
parison of tln‘ a[) propria te breecl groups of Parts 1 and II permits sonu* 
assessment of its effect as between lambs marketed at approximately fivt* 
months and lambs carried on to the age of nine months under normal pasture 
conditions. Tabl(‘ XXTX shows the various measurements at nine montlis 
as a percentage of those on milk lambs at five montLs. 


TaHM: XXIX. — McAN MKASirKEMENTS AT NiNE MoSTHS EXeitEMSEl) AS A PKR(’ESTA(i E 

OF Mean Measi remests at Five Months 



1 . 

1 £ 



! 


i i'UllUOU. 




Oroiip. 

1 Z 


Th. 

F. j T. 

L. 

1 


1 







1 


wt. 

1 

M. 


S-. 


8.1). ( ‘ros.Hi . . 

i 

[127 

no 

i 

108 

1 i 

[105 |107 

1 

KI7 

111 

103 

03 

118 

118 

Carried lit * . . 

i 

jlll 

1 

105 

i 

107 

10.5 1108 

: -1. 

10« 

i 

103 ; 

1 i 

104 

101 

114 

100 


8,D. Cross lambs increased their weight 27 per cent, and the respective 
carcass measurements from 3 j)er cent, to 10 per cent. Corriedale lambs, 
foi' a smaller weigljt increase of 1 1 per cent., show almost the same 
j)ercentage measurement increases as the Down Cross, thus lending weight 
to the suggestion advanced above as to the late-developing character 
of the Corriedale breed. As indicated by the relative inorease in bone, 
muscle, and fat, most of the increase in weight with age of the Corriedale 
lambs consists of bone and muscle, the late -developing fat having actually 
decreased in the older and heavier lambs. 

Relevant to the above discussion, and of considerable importahce from 
many angles, is the relative effect of all thase factors. The analjs®« of 
variance data has permitted an estimate of the" percentage of the total 
variance in each carcass measurement associated with bmd, weight, feed, 
andisex. These are summarized in Table XXX. 
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TaHIE XXX. —ApPROXIMATK PKHCKffTAnP OF X'ARlANf'K THAT OAN itE ASSOCl ATi:i> 
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GRtll'CJNM 
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Hrewi. 1 

i 

j 

W^'i^ht ; 1‘ 
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<■<-(1 : i 
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fiilern 
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NiiH* 

MotiUis. 
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.MonUiH. 

! 
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Months. ; M 

j 

Five 1 
JUtlls. ! 
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.\fo^th^. 

lirc*e<l and ' 
W'eluht. i 
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Feed. 

G 

2!) 

1 1 

17 0 

n-n 

3 

i |.o i 

30 

T 

m 

48 ! 
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7 
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2H 
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V 

72 
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1 1 

3 • 8 
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! 

4 
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o- 1 

4 
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3-0 

L 
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i :ii 
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(> 


5d 
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i f)fi 1 
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•1-1 

1 (J i 

14 

! 03 ; 
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1 :n\ i 

31 ! 

i :i i 

3 ■ 8 

22 
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Tht‘ two ooiujinis shown for “ l)nH‘(l " ar<‘ not stric tly c;oni|)ara,l)]e, since* 
diffcriMvl breeds are involved in the two sets of data, in addition to the aae 
differenec*. It is clear, however, t hat, of the' factors studied, bre<‘<l contributes 
most to variability, accountinji for from 20 ])er cent, to 50 per cent, of the 
total variance. Wei>rht is of much le.ss im]>ortance, but this result must 
be related to the relatively small dififenuice (approximately 4 Ib.) in the 
weijirlit iirovip.s involved. Feed effects account for still h*Hs of the total variance 
wliile sex aj)p<uirs to exert a comf>aralile influence. The sigiii%aut f»reed 
fe(‘d interaction effects have already been commented on. Th<^ magnitude 
of the l)reed (*lTects upon wdiat are essentially Jiieasurements of conformation 
is of spinial interest in view' of the recently reported work of McMa]ion(Ib) 
anil oth<*rs(l7) as to tin* low intensity of inheritaiKM* (paternal half-sib. and 
darn- progeny correlations) of conformation ir) the sheep. The apparent 
conflict betw'een our results and these findings can be resolved in terms of a 
■ dominance ” ex])lanation. The low' hc'ritability correlations referred to 
for coidbrmation have been obtained from .studies, within a breed, when* 
additiM* gene (dfects are ap])arently most importatit. In this w'ork, extremes 
in breed types have be(?n crossed wdth marked effects upon the (;on forma tioj^ 
of progeny, suggesting that the short- boned structure of an “ improved 
meat breed has exerted some degree of ilominance oxer the longer skeletal 
form of the unimproved ” bree<l. It seems reasonable to suggest that, 
W'hile differences in conforination within a breed may not be inherited to a 
degree which permits any effective control through straight selection, con- 
sideralde control over the conformation of sheep can be obtained by inter 
breed Crosse.s of appropriate types. This is made practical use of by all 
specialized producers of fat lambs. 

►Several intcrcwsting points may be noted in connection wdth the study of 
the Kirwee lambs. In the first place, a surprising degree of variability is 
showui in the resulting growth rates, carcasses, and measurements within 
each l>reed group as w'ell as betweim the various groups. Even wdthin the 
B.Tj. 'X Corriedale group, where all lainbs were by the same sire, there w-as 
still an appreciable amount shown. This variability may have b€?en due to 
different levels of efficiency in utiliaing food leading to <lifferences in the 
rate of growth, to different iaheretit growth rates, or to the different grazing 
abilities of the individual lambs, so that, while they were all nominally on 
the same plane of nutrition, very different planes w^ere in reality self-imposed 
upon them. The influence of accidenta) factors such as parasites, variable 
shelter effects, and good fortune in selective grazing must not be overlooked. 
Whatever the fundamental cause, the variafm exhibited seems to cast 
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doubt on the validity of claims that sheep reared as groups in the same field 
over the same period are. uruler precisely the same nutritive conditions. 
Inherent causes may influence the results to an extent that provides strong 
‘argument for the use of inbred lines under individual feeding conditions in ^ 
experiments designed to measure small differences. Standard methods of 
statistical analysis of data in inheritance studies and progeny test work are 
based on the assumption that small group feeding conditions are identical. 

Though a ca.se can be made for uniform material and individual feeding 
in experiments involving small differences, it is of special interest to note 
that the number of lambs involved in these experiments (average, sixteen) 
is adequate to permit differences in the more important carcass measurements 
to show uj) to a statistically- significant degree under field conditions where 
thh factor or treatment (in this case, breed) under study is likely to be 
responsible for at least 20 per cent, of the total variance. 

In conclusion, reference must be made to one or two further points of 
importance arising from this .study. Throughout the carcass comparisons, 
considerable support has been afforded the contention of many writers that 
short, thick bone is a characteristic of the improved meat animal. The 
strong correlation between bone and muscle has been stressed. The.se 
views are contrary to those held by most purebred l)reeders and even com- 
mercial breeders, who tend to favour light, thin bone in their selection work. 
Likewise, the fundamental importance of rate of growth to carcass dcvelo]) 
inent is well illustrated in various parts of the study. A growth curve 
characteristic of lambs under pasture conditions has been constructed, and 
analysed iif su(di a way as to emphasize the profound influence of feed-supply 
upon rate of growth. It is hoped that, in view of the dearth of information 
upon rate of growth of New Zealand sheej), these curves may hv of value to 
other workers in this and allied fields for comparative purposes, as descriptive 
of the behaviour of normal grass-fed larnbs from one of the major fat-Iamb- 
yuoducing areas. 

At the outset of this study reference .was made to thc^ conception of 
D’Arcy Thomy)8on as to the orderly progre.ss of biological studies from simyde 
ob8<*rvations to mathematical de.scriptions. If this work has any virtu(^ it 
lies in its jireseiitation of factual information on one of our major industries 
w)iere, hitherto, jjractical observational experience has dominated outlook 
and yuogress. 
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THE SYMPTOMS OF ERGOT POISONING IN SHEEP 

By 1, J. Cunningham, J. B. Swan, and (J. S. M. Hopkikk, Animal Research 
Station, Department of Agriculture, Wallaceville 

[Rtcf-ivtd for publication, 7tb July, lt)44\ 

Summary 

Tlv.‘ chiof ]('8ioii8 ill sheep jKiisoned by Claricep.^ purpurea lut inflatniiiatioii 
and uleeration of the iTuaiosa of the aJiineiitary tract. 


In seasons when .suitable conditions prevail the jiasture grasses of some 
sh(M‘p-grazing areas may become infect(*d wuth Cl(ww(j>s parpurm. I’he 
])resence of the ergot sclerotia as conspicuous black bodies on the ripening 
seed-liead has led to conjecture regarding their influence in promoting 
disease in the slieep. It is, for example, popularly believed that ‘‘ rytj-grass 
staggers *' is a form of ergot poisoning, and from time to time various other 
diseases of sheep have b(‘en ascribed to the ing(‘stion of ergot sclerotia 
with th(‘ fodder. 

^To account of ergot poisoning in sheep has ap])eared in the literal un* 
except a ])reliminary account by one of us(J), which d{‘alt with the results 
obtained on only four (‘xperimental animals. This provided insufficient 
data on whicli to base an opinion as tt» the role of (Ugot in thi' cause of 
diseast* in the sh(*ep : further w^ork w as th<‘relore undertaken, and the results 
are presented in this paper. 

Penmnial rye-grass {Loliuw peranir L.) is the chief coin])onent of sheep 
pastures which becoim* infected with ergot. Therefore the ergot employed 
for exjieri mental feeding was the .strain wdiich grow’s on perennial rye-grass. 
Pure specimens of ergot were* not available, and it wtis necessary to employ 
rye-grass-seed cleanings, separated in the commercial cleaning of seed. 
Four different samjiles were olitained, the proportion of ergot sclerotia, liy 
W' eight, in thf‘ different samples being 21, 7, 5, and 2’3 per cent, respectively. 

For dosing, the ergot-seed mixture was finely ground, suspended in 
water, and administered through a stomach-tube. Eighteen sheep w^ere 
treated ; individigil doses of ergot sclerotia varied from 0*6 to 18 grams, 
and the total weight administered to a single sheep varied from 6-4 to 
8f>4 grams ergot. 

Table I summarizes the results. 

Some of the experimental sheej) were grazing grass throughout the 
course of dosing, others were kept ]>enned and fed dry fodder. Some of 
the penned sheep ate very littl^^ of their ration and, in consequence, were 
dosed w hen in a state of partial starvation. 

No one of these treatments caused a definitely greater susceptibility to 
poisoning by ergot, though there was some indication that ergot was rather 
niore toxic when adnw^^ partially starved animals. Very con- 

siderable diffeix^nees in susceptibility to ergot poisoning occurred between 
individual aheep. 



Table I. — Expbeimbntal Bosoiu of Ryb-grass JBrgot to Shbbp 
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1944] CtTNNiNOHAM, Swan, AND Hoi»kirk.-“Thk Symptoms of I2S 
Ergot Poisoning in Sheep 

.Clin|gad Symptoms 

Glinipal symptoms were not marked or (u>nHtaut even in shoe]) subsi^- 
quently shown to have well marked internal lesions. 

Elevation of body temperature, dyspnoea, salivation, diarrhcea, dejires; 
sion, and loss of apfKJtite oijcurred scjiarately or in various comliinations 
in a few cases. In two instances the tip of the tongue was affected, first 
becbininii cyanosed and later ulcerated. 

PqST-MOUTEM E X A M I N A TIOX 

In six of the experimental animals it was necessary to allow a somewhat 
prolon^^ed [leriod to elajise between administration of the last dose of ergot 
and slaughter for post-mortem examination. This may have modifi(‘(l the 
])icture at autopsy. 

The (dianges observed in post-mortem examinations conducted soon 
alter (ompletion of dosing wen? sonwwhat inconstant. In a few cases the 
miu'osa ol* the respiratory tract was congested, the rc^gions affected being 
the ])harynx, trachea, and bronchi. The pharyngeal and retropharyngeal 
l}nnph glands of some animals w’ere also congested. In some cases petechial 
hauuorrhages were found, the most common locations being on the surfaces 
of the heart and in the kidneys. 

In most cas(.‘S there was a small t*xcess of peritoneal, pleural, and 
]>ericardial fluids, and these fluids were sometimes tinged with blood. 

Some livers were normal in appearance, others showed evidence of fatty 
infiltration or congestion with blood. 

I'hc most (Minstant lesions were those affecting the alimentary tract. 
All stages from congestion to severe inflammation and ulceration of the 
mucosa were encountered. Tin? more advanced cliaiiges were most common 
in the abomasum,, but occurred also in the rumen : c?ongestion and 
inflammation occurred in the duodenum, ileuni, and colon, and petechial 
haBmorrhages were seen in the reticulum and at the bases of the himcllat‘ 
of the omasum. In a fe>y cases areas of jxvritonitis affected the ]>eritoneal 
surface of the alimentary tract, opposite to tlu' regions where the mucosa 
was ulcerated. 

Ulceration and necrosis of the tip of the tongue were observed in two 
cases. 

Inflammation and ulceration of the mucosa of the alimentary tmet 
appeared to t)e the most typical and definite lesion in ergot |>oivSoning, and 
occurred in eight of the eighteen exjieriinental animals. 

V Pathology 

When it occurred, liver-damage was located at the centre of the lobule, 
Mrhere;fattjr infiltration, congestion, and necrosis occurred. In some instances 
retention of bile was noted. 

In the Idd there was sometimes congestion, sometm^^^ small areas 
of bieinoriliage, anil of cysts on the tubules and 

accumnlation of albununous material in the 

The affected walls of the alimentary tract showed all stages from 
oongestiott to necrosis and deep bacterial invasion of the walls. 
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n KMATOLOG V 

No ehaiiges were noted. > 

Discussion 

It is of some interest tliat the manifestations oi’ poisoning by rye-grass 
ergot differ materially in sheep and bo vines. In sheep the ehief lesions 
are congestion, inflammation, or ulceration of mucous surfaces, particularly 
tliose of the alimentary tract ; in bovines the extremities of lim])s and of 
the tail are attr^ted, first by an inflammatory reaction, ultimately by ne<“rosis. 
That these differences .are not due to variation in the poisonous pro]>erties 
of ditterent samples of ergot is evident from tln‘ fact that (•luiractf'ristic 
lesions were produced in sheep 559 and 553 and in a Cow* by the same 
sample of ergot. The extremities of the limbs of our experimental sheep 
were not affected even after ])rolonged dosing with relatively high l(‘vels 
of ergot. 

It is possible that, in the sheep, tliC ])rominent h'sions in the mucosa 
of the alimentary tract are due to local action oi' the ergot. Th(‘ r(‘sults 
of parenteral administration of ergotoxine to a shec'p .supf>ort this suggestion. 
180 mg. ergotoxine ethanovsulphonate were administered intromuscuhirly and 
intravenously in nine doses to a 24 kilogram sheep. The clinical syniffloms 
produced were cyanosis, dyspnoea, salivation, pyrexia, anorexia, and loss 
of weight ; on autopsy no lesions were found in any of the organs and the 
alimentary tract was normal. 

Lesions in th(‘ sheep whicli can with (Mvrtainty l)e ascribed to absorbed 
ergot poisons are congestion of the uppuj* respiratory tract, necrosis of tin* 
tip of the tongue, and the presence of small luemorrhages in some of the 
int<?mal organs, serous membranes, and tissues. 

Ergot poisoning in the sheep does not present a sufficiently characteristic 
picture to permit a diagnosis on the symptoms and lesions alone. It has, 
rnoreover, already been sh()wn(2) in the case of cattle and pig.s that even 
after a v'ery large intake of (;rgot the demonstration of ergot alkaloids in 
organs or tissues is difliciilt or impossible. It is likely that the same result 
would be found with sheep, and thus chemical examination of organs cannot 
be expected to aid in diagnosis. To reach a positive diagnosis of ergot 
poisoning it w*ould l»e necessary to demonstrate accessibility to ergot and 
absence of other causes of gastroent-eritis. 

No symptoms similar to those of rye-grass staggers occurred in any of 
the exjieri mental sheep. 
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OF Milk and Meat from Ekootized Cattle 

THE NON-TOXICITY OF MILK AND MEAT FROM 
ERGOTIZED CATTLE 

By I. J. Cl NNiNOHAM, L ()1. McIntosh, hihI ,1. B. Swan, Departajeiit of 
Ajjrjfulturo, Animal Research Station, Wallacexille 

for pnhiimtimiy ifh July, 1U4'1\ 

Summary 

A detailed investigation has led to the eonelvision that milk or meat oi 
eat t Je which invest ergot with their lodder is not iinnafe for hiinnin eonsum|)tion, 

Tliis eonehision was reached tn»m the results of c hemical examinat ions and 
feeding trials with milk and hculv tissues of ergotized eows ; no ergc>t alkaloids 
could he demonstrateci in such materials, and white rats suffcTcd no ill cdfeets 
when fed them for long periods. 

In tli<‘ course of the work it was shojvn that large anumnts of rye-grass 
ergot which cotdained no alkaloids did not induce* sym|»toms of ergotism in 
a cow. while rye-grass ergot containing alkaloids cjuiekly induced ergotism. 

IMgs w'cre shown to he* rc'sistant to poisoning with tall feseiie ergot. 

Hats were* sensitixe tcv ergot {loi.stming ; large amounts in the ratio?! were* 
lethal, Htnaller an?<»nnts canned reduced growth-rate. 

Kiaarr is tlie iiann‘ commonly aj»pli(‘(l to Clavieeps parpnreu, u fungus 
winch will grow, wlien conditions are fa\'oural>le, on the seed-heads of 
nuiny spetnes of grass and some sf)eci«\s of cereals in New Zealand. 
Amongst the o?*asses fV(*(pienliy infected are perennial r^'e-grass, tall ftvseue, 
marram-grass, and cock.sfoot. while of th(' cereals barley is* the most 
s)ts<*t‘f>tibh*. A (*los(‘ly-related fungus. Clacieeps paspali, infects pasj)Hlum, 
and the name (‘rgot is soinetinies a|)pli(‘d to this fungus. Fm* the purpose of 
the {)r(‘sent article, liowev’er, the term ergot is r(*stricted to CJaviceps purjunca. 
Ergot is most conspicuous in the form of hard, black ))anana-sha[a*d 
bodices, the scltTotia. which are seen i?n tln^ ripeiiing seed-head (?f the host- 
plant. The sclcTotia constitut(‘ the stage of maturity and also a resting- 
phas(* in the lif(*-cycle of ( ’A/c/cc//.v ; tln'v mature at apjiroximately the same 
time as the seed of the h(»st-plant, and either an* ha.r\ested with it or drop 
to the ground, where tlu'V remain dormant throughout the winter. A 
(>eriod of winter cold followed by spring warmth initiates germination of some 
of the sclerotia on tin* ground. Spores are liberated and an* distributed 
by wind at about the period when the host-phint is flowering. Tliosc* 
spores which aliglit on an open flow'(*r develop, ami tin* resulting mycelia 
enter the growing ovum. A second type of s|)ofe is }>roduced during this 
period and becomes .sus}?(‘uded in a sticky ' honev-dew . ' W'hich is exuded 
from the inf<H*t(Ml flower. Sjiread of this .second tvp(* of sjiore is }>y the 
w'ashing action of rain, by contact of honey -dew with neighbouring flowers, 
or through carriage of honey-dew by insects from flower to flowrer. 

Mycelia entering the ovum of an infected flowea* multiply, until, finally, 
the oMirn is replaced by a compact mass which matures to form the 
sclerotium. It is to the sclerotia of Clmnceps that the term ergf>t is 
popularly applied. 

Preparations of ergot have .im[)urtant uses in* medicine, in particular 
for the control of |K)st-partum hsemorrhage. Ergot in large doses, howa^ver, 
is known to be toxic, humans and domestic animals both being susceptible 
to ergot poisoning. 

Ill humans two types of ergotism are recognized, convulsive and 
gangrenous; in animals the gangrenous tyjie occurs. The etiology of 
con vulsive ergotism is not fully understood, but gangrenous ergotism is 
recognized as the result of constriction of the muscular coat of the snialler 
bloodrvessdls, with couscqueiit restTO^ of nutrient blood-vsupply. Failure 
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of nutrition results in death, and iwssibly even sloughing of the affected 
region. Parts usually affected are, in humans, the terminal portions of the 
limbs, and, in cattle, the Jioovcs and the tip of the tail. 

Since ergot is poisonous to humans as well, as to domestic animals 
it is im|>ortant to know whether there can be any transmission of toxic 
principles to humans who ingest milk or flesh from animalB which have been 
exposed to the risk of consuming ergot in their fodder. An experimental 
investigation of such a possibility forms the subject of this paper. 

The design of the investigation was to feed ergot to milking-'Cows until 
gross symptoms of ergotism developed. Milk secreted during the period 
in w'hich the cows were dosed with ergot, and body tissues collected from the 
cows after slaughter, were tested for the presence of ergot toxins by cheniical 
examination and by feeding experiments on wvhit(^ rats. 

Ergot from tall fescue grass {FeMuca aruyulimivme) and ergot fnmi 
perennial rye-gniss {Lolium jmemie L.) were employed in the investigation, 
these being the species mo.st cotyuponly accessible to dornt‘stic cattle in 
New Zealand. 

It is widely accepted that the kevorotatory water-in.solublc alkaloids, 
especially ergotoxine and ergotamine, are the principles in ergot responsible 
for the phenomenon of gangrene. Evitience in support of this poiiit has 
l)een summarized earlier(l), and more evidence is adduced in this paper. 
Determinations of alkaloid content were therefore made on the samples of 
ergot employed in feed in g* tests. As a matter of interest alkaloid contents 
were also determined in a number of samples of pure specimens of ergot 
collected frotn different species of grass or cereals. The results are given 
in Tabic I. Th€‘, conventional procedure has been adopted of expressing the 
total alkaloids, and the water-insoluble alkaloids as ergotoxine and the 
water-soluble fraction as ergoinetrine. 


Tablk I. — Alkaloii» Uontknts of Ebooi'* Sclkhotia from Diffbrknt Sfkciks 
(PeRCENTAOK of Am-PEY vSaMFLE) 


Santplo 

Siwciew. 

Date 

m-eivwL 

ToUiI as 
Kr«o. 
texine. 

Water 
lusol- 
uble a« 
Krgo- 
toxine. 

Water 
Soluble as 
Krgo- 
metHue. 

Analytical 

M6l/hud* 

1 

Hyo-grasH {LoHtm permnv) . . 

'24/8/41 

Nil 




2 

,, 

0 9/41 

Nil 




3 


10/12/41 

0-22 

oil 

0'06 


i 


— /3/42 

0-31 

0-22 

0047 


5 

nf .V 

18/3/42 

0-34 

0-21 

0(m8 


e 

*. . . 

23/4/40 

0-36 



lip 

7 

„ ... 

22/5/43 

044 

042 


* 

8 

, 

Tall fescue {Fesimn arundimt^ 
ceae) 

4/0/41, 

0-24 



BP 

w 

l>itto . . . . 

24/8/41 

0-31 

... / 

0 006 


10 


, 8/9/41 

0*35 




11 

,, . . . . ■ 

, 8/9/41 1 
2/(V42 

0-39 

, . 



1^ 

Marram-grass {Pmmma arenn- 
ria) 

Cocksfoot glommtia) 

0-31 

0*24 

0-()36 


13 

— /3/42 

0*53 

0-21 

0. 17 


14 

(.■rested dogstail {Cpnosurue 
cFiBUitm) 

--/3/42 

023 

1 ' , 

0-36 

■■ 0.-034. 


15 

Tussock {Pm spp. ) . . 

18/12/42 

m 

1 ■ 



10 

Daiv^nia rmulii 

2/8/42 

Traces 


. . . 

.... 

17 

fioreBcem 

i 2/6/42 

0.04 

■■■ 

■■ V. ■ 

['■■■, » » 

18 

mtivum) . . 

* ■ ■2/6/42 . 

0:63 

0-37 



19 

Bariey (HordsEm 

,2/6/42 : 

only 

V; 



30 

"Miked' . ... ■ . . . ■ 

» . ■ 

0-37 


0 06 


21 



O' 67 


/::0;04_, 

- ♦ 
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OF Milk and Meat from Ekootized Cattle 

III all but five inataiices the method of analysis was that of Hanijishire 
and Page(2). In two instances, denoted BP in th(* final column, the metliod 
was that described in the British Pharmaco})0‘ia(3) ; in three instances, 
denoted by an asterisk in the final column, the total alkaloids were deter- 
mined after extraction from the marc Fiy Ham[)shire and Page’s method, 
but the wa-ter-soluble fraction was separated by the method of Alljiort 
and Jones(4). 

In some instances a figure has been givtm for vvater-solulde alkaloids. 
This figure was obtained liy the proceclures mentioned above, l)ut separation 
of the water-soluble fraction was not as rajiid ot* as conifilete as is claimed 
for the same methods when af»plied to Europi^an ergot. With Hain]Kshire 
and Page’s method 8e|)aration was neither sharp nor definite, and at least 
tw(*nty extractions with W’ater were necessary befon* the final aqueous 
extract gave, no colour with p-dimethylamiiiobenzaldehyde ; with the 
modification devised by Allport and Jon(^s separation was sharj) and definite, 
but at least eight to t(m extractions w(»re ne(*/essary to obtain com)>Iete 
>separation. Not more than live extractions are nec(\Msarv to effect comphUt^ 
separation in Eurojiean ergots. 

Some doubt, therefore, exists whether the water-soluble maD'rial 
separated by the methods employed was, in fact, (Tgometrinc. The observa- 
tions made on the abnormal soluliility in water, and the results olitained 
by afiplication of conyentional methods are included here to indicate that 
the alkaloids of New Zealand ergot merit som(‘ detailed chemical inv(*stigation. 

Becaus(* of the doubt associated with the figures for water-soluble 
alkaloids, comment is restri<d(»d to the results for total alkaloids; Rye- 
grass and tall ffiscue (*rgots are the only strains of which any number of 
different samples were available. The absenee of alkaloids from some samples 
of rye-grass (»rgot was of interest. The method einjiloyed was capable of 
detecting 0*005 mg, of alkaloids in 10 g. ergot ; failure to demonstrate 
alkaloids, therefore, rejiresents their virtual absence. Com}>aratively small 
variation was found in different tall fescue ergots. The general order of 
alkaloid content is similar t<j that found in good European ergots. 

Interesting features of the remaining results are the low alkaloid contents 
of the dantbonia, tussock, and barley ergots, and the high contents in 
wheat and cocksfoot ergots. ^ 


Cattle- FEED] NO Experiments 

'rail F^4icue Ergot. — Finely-ground ergot of tall fescue was administered 
to a cow, ‘‘ Babs,” daily from 30/*V41 to 8 9/41. Each day’s dose was 
sasp(Mided in w’ater and administ^^red by drenching. 

A pure sample of ergot was employed, the total alkaloid content of which 
was 6*24 per cent, (sample No. 8, Table I). The total weight dosed was 
3,415 g. 

Details of dosing are shown in Table 11. 


Tabi.k Ti. — T all Fescue Ergot dosed to “Bars’' 


OmiRB of Ergot per Day. 

Period; (Days). 

Dates. 

Symptoms 


M;' ■■ •■■ ■ 

30/fi/41. to 21/7/41 

None. 

m ■■■■■ ■ ■■ ,.V:! 

m .| 

22/7/41 to 25/8/41 

None, 

TOO;/;.-;:: ■ ■■ 


^^/8/41 to 8/9/41 

lAuneiiieBs, 5/9/41 . 
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Laniei)esH first develo])ed on 5/9/41 in the right hind limb and was 
accompanied by swelling of the hock, and swelling and marked tenderness 
of the right hind fetlock. The swelling in the fetlock increased daily, Init 
tenderness decreased . 

By 9/9/41 both hocks were swollen and all four fetlocks were also 
swollen and tender. 

On 10/9/41 sensory [perception was absent from skin of the lower portion 
of both hind fetlocks. 

By 11/9/41 an indented line, which had appeared in the skin on the 
flexor as[)eots of tlie fetlock joints of both hmd limbs, had extended round 
the sides and to the <»xteMsor aspect of tiie joints. 

By 12/9/41 the fetlocks of both hind limbs wore cold, and sensory 
]>erception was abvsent ; the left fore fetlock was at this tim<‘ hot and sensitive 
to a toiicli. 

By lb/9/41, eight days after cessation of dosing, swelling had almost 
disa})[)eared in the left fore fetlock and the joint was resuming a, normal 
a[)j)earance. Both hind fetloctks w^ere cold and th(‘ skin was dry and hard. 

A high body“tem}>erature and increased ])ulse and res[>iration rates 
accomjjanied the lameness. For exam|)le, on 11/9/41 body teni[)erature 
was 104*6'' F., f)iilse rate 150 per minute*, and respiration rate 110 j)er 
minute ; on 15/9/ 41 body tem[)erature was 103-2 ‘ F., pulse rate 140 f>er 
minute*, and resjuration rate 70 |)er minute. 

The COW' w'as slaughtered on 16/9/41. 

()n [)ost-mortem examination no abnormalities w’ere* noted in the* 
aiim(‘ntarv tract exce[)t for a large blood-clot situated in the mesentery 
su))}>orting the* rectum. The* luemorrhage was due to rupture of a small 
artery. In the liver numerous small h8einorrhag(*s w’ere fdund on the surface- 
and tluoughout the substance of the organ. Kaedi hannorrhage w as approxi- 
mately I in. in dianieteu’, and approximately 2 in. of normal tissue se‘j)arate*d 
one haomorrhagic s[>ot from the next. 

The right fore limb was normal. 

Ill the left fore limb the skin w^as normal. The subcutane^ous tissiuv 
over the fetlock joint was (ndematous, but then* was no haanorrhage. 

In both hind limbs tin* skin was healthy down to tin* indented line noted 
ante-mortem. Here there w^as a shar[) transition to cyanotic hardemed 
skin, the surface of w’hich w^as encrusted with dried exudate. There were 
extensive subcutaneous haamorrhages from the hock downw’ards. 

The skin^of the terminal 2 in. of the tail was cyanosed and hard(med ; 
subcutaneous hsemorrhages were found on the last 6 in. 

Sections of liver and of skin from ^hind limbs and tail were examined 
by Dr. C. S. M. Hopkirk, wdio reported as follows: 

IJvpr, — Throiighont the section the central vein and sinusoids were congested and 
♦ dilated. Arising from this, in some places lagoon hemorrhages ha<i occurred, and whew? 
these? had been in existence for any length of time necrosis of parenchyma colls had 
taken place and fibrous tissue had !x»en laid down giving the appearance of multilcxuilar 
blood cysts. 

A'vV/wcj/. "-Congestion of capillaries of medulla only. 

Skin . — A line of demarcation between normal and damaged tissue was evident 
though somev congestion of capillaries had occurred in the ‘‘ normal "’ tissue near the 
line of demarcation. The subcutis of the damaged tissue showed a large hemorrhage ; 
in the capillaries near the dorrais, stasis of blood followed hy breakdown of red blood 
corpus<‘le« had occurred. The dermis and epidermis wert- tough and necrotic, and the 
epidermis had, in places, been infiltrated with round cells with formation of a dry 
scab. Gram staining gave no evidence of infection with gram positive organisms in the 
area. ■ 

Bxainination of sections suggests two possibilities of cause of skin lesioniii 

(1) That subcutaneous hawnprrhage had cut off blood-supply ; - 

(2) That stasis of blood had occurr*?^ in reticular areas of the skin. 
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Ri/e-grafis Ergot , — Pure sf)ecir)iens of rye-^rass (^r^ot were not available 
for feeding experiments. It was neees.sarv, tlierefores to fe(?d residues left 
from cornmereial cleaning of rye-grass se<Ml. 

A sample of rye-gra.ss seed (containing 7 p(‘r cent, ergot scderotia was 
fed to a cow “ Ailsa.'’ Chemical examination showed that this ergot con- 
tained no alkaloids (Sample No. 1, Table 1). 

For administration the seed-ergot mixture was njade into a mash with 
bran and fed daily. Details of feeding are .shown in Tal)h* MI. 

TaHL}*; III. - [tVK-CKA.’^S EhooT I'KI) T<» ■“ Aii.sa ” 


(inniiK of Eryot Wt*inht of See<l*erKot i 
per Dhv. Mixtort*. j 

Peri(Kl. 

Syin]>t‘>i)i.s. 


i (Jraius. ! 

1 

1 

1 

4 

no ! 

70 ; 2.7 0 41 lo 2 11 41 

: None. 

I7r> 

; :i5o 

7 i a n 41 to 7 11 41 

! None. 

;ir) 

r>(M) 

10 i 8 9 4J t<. 17 9 41 

, None. 

7(» 

1 1,000 

22 18 9 41 to 9 10 n < . . 

\ont‘. 

OH 

1,400 i 

i i 

25 lO/lo 41 to .4 1141 . . 

Nonr. 

*’ .Ailsa 

was slaught<‘red 

on lo 11 M. Post-mortem 

exam in a tion 

sfiowed no 

almormaJity. 



Details 

of this experiuHOit 

art* included because' of tin 

‘ inter(‘sting 


liMiture thiit no toxi(‘ eifec'ts were induced by rve-|>rass <*rgot (‘ontaining no 
ergot alkaloids. A total of'^jbout I,7tKlg. (*ru(>t was fed in a period of 
bTJday.s. 

The absenc(» of toxic symptoms in this experiment is in marked contrast 
to the rapid of)set of symptoms in another cow (‘' Hrownie ’*), who was f(*d 
rye-gras.s ergot containing 0*31 f)er tamt. total alkaloids. 

For a second feeding experiment a sample of rye-grass seed containing 
2‘2(> |j(*r cent, ergot .sclerotia was avaiiabhc. This ergot contained 0-31 
per cent, total alkaloids (Sample No. A, l\il>le I), it was ^mI to a cow' 
“ Hrownie.” Attem}>ts were made to feed this seed as a mash made with 
molasses and bran. Two dovSes of 2*0 kg. seed were consumed on 24 2 42 
and 2r)/2/42, but after this the mash w'as r<diis(*d. »Sul)se(|U(mtly the seed- 
ergot mixture was iinely ground, suspended in water and administered by 
stomach tube. A total of 1,638 g. sclerotia was fed. Details of dosage are 
shown in Table IV. 


Taiilk rv. — KYK-oaA.s.s Kroot uoskd to * Bhownik 


<4raiiafi ErsttR 
per l)fl,y. 

! 

; Welj^ht Sc«(i-cw»t‘ : 
Mixture. j 

! 

! 

j PerlfKl. 

1 (Days). 

OnU*}*. 

i , ' ■ 

1 

Syniptonia. 


Grains. 




3«-6 

2,500 


24r2/42 to 25. 2 42 .. 

None. 

27- 1 

1,200 

T 

12/3/42 

None. 

Sfl-fl 

2,5t»0 

21 

13/3 42 to 2/4 '42 

Lameness, 

27^/3/42, 

2iS-3 

■1,250 ■ 

M 

.8/4/42 to 18/4/42 
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Lameness first develo|>ed on 27/3/42^ when the fetlocks of lelY; fore and 
left hind legs were swollen and tender. On 28/3/42 the right hind fetlock 
was also swollen ; on 30/3/42 there was marked salivation and frothing at 
the mouth. * 

Lameness was so marked that dosiilg was suspended l>etween 3/4/42 
and 7/4/42 as the cow could not be driven into the bail. 

On 8/4/42 an indented line appeared round the left> fore and both 
hind fetlocks. The tail was cyanotic and cedeinatous over its terminal 2 in. 

By 17/4/42 the horn of the accessory digits of the left hind foot sloughed 
and the right fore fetlock was swollen. On 20/4/ 42 the horn of the left 
hind foot had sloughed and the os pedis had penetrated the soft tissue of the 
hoof. 

All increase in body temperature, pulse rat<% and respiration rate o(*eiirred 
similar to that already recorded for “ Babs.” 

Brownie ” was slaughtered on 20/4/42. Post-mortem examination 
rtivealed lesions only in the liver, legs, and tail. In the liver extensive 
yellow patches occurred over most of the left lobe and all of the papillary 
lobe. Lesions in the legs and tail were similar to those already described 
in Babs.” * 

Sections of liver were examined by Dr. 0. S. M. Hopkirk, who reported 
as follows : 

Seotiori8 from the Hppareritly iiorinal area showed fatty intillratioa of eeiitraf 

cells. 

Sections taken from yellow areas showed amimnlationa of bile in sinusoids, reticnlo- 
en<lothelial cells, and central veins. 

The milk secreted by “ Bal)s ” and by “ Brownie ” over the whole period 
during which th(5y were dosed with evgot was collected and fed to white rats. 
Sam files of muscle from “ Babs ’’ and of muscle and viscera from “ Brownie 
were collected immediatidy afti^r slaughter and fed fresh or after freezing or 
drying to various animals. 

Tint results of these experiments will be detailed later. 

♦Symptoms of Eiu/cmsM in Pigs and White Rats 

It was desirable, as one basis for testing whether toxic principles of 
ergot were excreted in milk or stored in tissue, to have a test animal which 
w'as known to be susceptible to poisoning by ergot. Pigs and white rats 
were the niok convenient ex|>erimental animals for this purpose since they 
would readily consume milk or flesh and since their growth and development 
on normal milk and normal flesh are well understood. Preliminary feeding 
experiments were therefore carried out with diets to which known amounts 
of ergot were added to determine the reactions of these animals to ingestion 
of ergot. 

Pigs, Pure strains of ergot were not available for pig-feeding experiments. 
Tke materiar employed was a mixture of sclerotia collected from different 
species of grass, the greater part of the ergot being from t^^^^ grass, 

Pig 1, body-weight, 25 kg., was dosed by stomach tube with^ er^^^ 
sclerotia which oontained 0‘37 per cent, total alkaloids (Sample No. 20, 
Table I), Seven doses of 100 g. ground ergot were administered in a period 
of eight days, two doses being given on the last day. 

Silight tenderness on all feet was notieeci on the fifth day, but this cleared 
■up. ■ •/■■■' \ ■ V'-' 

The pig was killed on the ninth day. 
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Post-mortem examination revealed no abnormalities, and histological 
examination showed that liver, spleen, kidney, and stomach wall were 
normal. 

Pig 2, whose body- weight at commencement was 20 kg., was 
dosed by stomach tube with ergot which contained 0*57 per cent, total 
alkaloids (Sample No. 21, Table 1). 

Forty-three doses were administered in seventy-one days between 
25/11/42 and 3/2/43, the total weight of ergot given being 1,760 g. 

The details of dosing were as follows : — 

Twelve doses of 20 g. each in first sixteen days. 

Eighteen doses of 40 g. each in next thirty-two days. 

Twelve doses of 60 g. each in next twenty-two days. 

One dose of 80 g. on last day. 

After thirty -six days’ treatment — i.e., on 30/12/42 -there were signs of 
tenderness in walking, but this syni])tom rapidly passed off. 

The animal was slaughtered on the day following the last dose. At 
autopsy no macroscopic or microscopic abnormality was found. 

Samples of muscle and visceral organs were collected from both pigs 
immediately after slaughter for determination of ergot alkaloids. 

It was evident that little effect could be produced in the pig evtiu by 
massive doses of ergot. The ])ig, therefore, was consider(*d not suitable as 
an indicator of the presence of ergot toxins in its food. 

Rats,— Two experiments were carried out. In the first, rats woio fed 
diets to which tall fescue ergot was added ; in the second the diets fed 
contained rye-grass ergot. 

The mixture used as a basal ration was similar to the ordinary stock 
ration and consisted of cereals (55), meat-meal (13), dried milk fl6), wheat- 
germ (8), dried yeast (2), rice polishings (2), cod-liver oil (2), calcium 
carbonate (I J), and sodium chloride (J). 

Appropriate quantities of the ration were made uj) by mixing with 
freshly -ground ergot sclerotia three times per week. 

Young WLstar strain albino rats from the Station colony were employed 
as experimental animals. They were placed on the experimental rations 
immediately after weaning, and observations were made on body- weight 
and general health for an eight weeks’ feeding-period. 

In the tall fescue ergot experiment four groups of ten rats were fed rations 
containing 0, ()•!, 1*0, and 3*0 per cent, of ergot. In the perennial rye-grass 
ergot experiment five groups of six rats were fed rations containing 0, 0*1, 
0*5, 1*0, and 3*0 per cent, ergot. 

Detailed results are shown in Tables V and VI. 


Table V. — Body-weight of Rats fed Tall Fesoitb Ergot (Total Alkaloids, 
0-24 ter Cent.), (Ten Rats per Group) 


Weektt on Diet . . 


I. 

2, 


4. 

5. 

tt. 

7. 

8. 

Group No. 

Kr»{ot In 
Diet, ]>er 
Cent. 

Average Body-weight, In Grams. 

I 

0 

39 

57 

81 

94 

106 1 

122 

129 

130 

161 

n 

01 

40 

46 

67 

70 

84 

102 

107 

114 

140 

in .. 

l-O 

40 

47 

58 

64 

76 

90 

96 

103 

118 

iV .. 

30 

40 

37(6) 

36(3)‘ 

All 

dead. 

* • 

• • 

• • 

• • 

• * 


7— Boienoe. 
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Table VI. — Body-weioht of Rats fed Rve-deass Ergot (Total Alkaloids, 
0-44 PER Cbet.), (Six Rats per Group) 


Weeks ou Diet 

0. 

1. 

2. 

3. 

4. 

6. 

C. 

7. 

8. 

Oroui) No. 

Krjrot in 
Diet, per 
Cent. 



Average Body-weight, in Grams. 



I 

I 

0 

39 

TiO 

78 

107 

128 

154 

172 

190 

204 

II 

01 

39 

56 

75 

102 

132 

157 

176 

192 

200 

in 

0*5 ' 

39 

45 

52 

72 

91 

113 

131 

147 

163 

IV 

10 

37 

39 

40(3) 

All 

dead. 




•• 

•• 

V 

3*0 

41 

36(2) 

i 

1 

All 

dead. 


• * 

• * 

i 

1 

• * 


The figures for body-weight in Tables V and VI represent the mean 
for ten and six animals respectively, except in those cases where a figure in 
brackets follows the body -weight figure. This bracketed figure represents 
the number of surviving animals. 

Diets containing 3 per cent, tall fescue ergot or 1 per cent, or more rye- 
grass ergot were lethal. All rats fed these rations failed to grow, and all 
died* in less than three weeks. The only ante-mortem symptoms displayed 
were progressive emaciation and dullness ; post-mortem examinations 
reveal^ gastroenteritis, emaciation, and absence of all deposits of body-fat. 

The growth-rate of rats fed diets containing 0*1 and 1*0 per cent, tall 
fescue ergot was materially retarded in comparison with that of control 
animals. The difference in growth was not due to difference in food intake 
since food-consumption records showed ^that groups I, II, and III, fed ration 
containing 0, 0*1, and 1*0 per cent., ate approximately the same total 
weight of food in eight weeks. 

In rats fed rations containing 0*5 per cent, rye-grass ergot growth-rate 
was also retarded, and this reduced rate of growth was again not associated 
with reduced food intake. 

At the end of the feedihg-period the control rats and the rats fed 0*1 
'and 1 per cent, tall fescue ergot and those fed 0*5 per cent, rye-grass ergot 
were slaughtered and post-mortem examinations made ; no abnormalities 
were found. 

These experiments showed that under controlled conditions the white 
rat could be employed as a moderately sensitive indicator of the presence of 
ergot in the ration. Relatively large amounts of ergot were lethal and small 
amounts caused a material reduction in rate of growth. 

These reactions of the white rat to ergot ingestion were employed in the 
present work as one indicator of the presence of ergot toxins in the milk 
and tissues of the experimental cows dosed with ergot. The use of the white 
rat in this manner had the advantage that it provided an indication not only 
of the possible direct transmission or storage of ergot toxins, but also of the 
presence of harmful products formed during digestion p|r m^bolism of ergot 
by the cow. 

Feedino Milk of Ergotized Cows to Rats 

Milk from the cows, ‘‘ Babs and Brownie/* in winch symptoins of 
ergotism were induced by feeding ergot sclerotia, was fed to rats. Details 
of the growth-rates of these rats and of the growth-rates of r^ts fed normal 
milk are shown in Table VII. Rats were startid on the experiment directly 
after weaning, and riie sple raricni was fresh milk to whi^ traces of iroi^i 
copped manganOserWd iodine were added. - 

■I,. 
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Milk-collection coininenced at a|)proxiniat(4y the same time as ergot 
feeding cominenced, and })art of (;ach day’s collection was fed fresh to rats 
on the day of milking. New grou},»s of young rats were introduced into the 
experiment at different times during the cour8<‘ of treatment of the cows. 
This provided against the remote possibility that the original rats, being fed 
on milk with a ])ossibly gradually increasing content of toxin, might have 
developed a tolerance by tlie time the end of the (‘xperiment was approaching 
and when the milk might reasonably be antieij)ated to be most toxic. 


Tasle VH.- - Body-wekjjits and Food-cjonsf miction of Hats fed Normal Milk 
AND Milk fuom EAoonzKD ('ows 


Source 1)1' 
Mi!k. 


! i{4\t 

I l-'ewiitiK 
i coiii- 
i ?tKMlC(Hl. 

I 

I 

i 






Average Weekly Bntly-weighf of Rats 
during Feeding Kx]»erini(‘Ut. 




S t.l 


8. ti. 


a a 

O 4- 
7’i £ 


'I'otal 

Milk 

consumed. 


BabH 

»♦ 

>* 

Normnl 


Frsnie Fnjot 


! 

( ‘rams. 

i i 

ill!' 

^ 1 


:L'(i/4i 1 

S ,1.205 

;40'r»o 

82|l04:i23;142;ir>S 

Iti8il7(i!l831 

4/S/41 

1) 1,700 

40.00 

011151130' 

. ! 


27/8/41 
3/11/41 ! 

3 1 1,300 1 

40jr>5 

77| SH; . . I . . 1 . 


I .. 

0 Nil I 

40140 

0«| 70’ 88'losil20 

I4l|l52 

|102 


(7 rams. 
XiAHH) 
8,0(K) 
2,300 
22,000 


Uye-grnMs Ergot 


Brewnit* . . 

20/2 42 

0 

! 1,440 

44521 

66 

1 82! 05115,142 

153 



i..i 7 


31/3 42 

4 

1 481 

47 

03 

77 

OOi . . 





..,3 

Nonna 1 

2(1/2 '42 

0 

1 Nil 

144 

40 

01; 

73; !)2 

i(mji34 

145 



7 

1 

‘ * 1 

31/3/42 

3 

j Nil 

|45 

L 1 

1(M>| . . 

1 

. . j . . 




..j 3 


. The results in Table VII show clearly that no adverse effect on growth- 
rate of rats occurred wlien their sole diet was milk from cows fed tall fescue 
or rye-grass ergot. This^ was true of rats fed milk produced by the cows 
when low doses of ergot were being administered, and also of rats com- 
menced near the time when the cows tie ve loped clinical symptoms of 
ergotivsm. 

• The* physical condition of the rats was good throughout the experiment, 
and autopsy made at the end of the feeding-period revealed no abnormality. 

It can be concluded that either no ergot toxins or, at the most, negligible 
amounts, were directly transrmtted to the milk. It can be concluded also 
that there were no harmful products of digestion or metabolism of ergot 
secreted in milk. 

Feeding Flesh and Visceral Organs prom Ergotized Cows 

Fesem Ergot Cotv . — After slaughter, several pounds of muscle from 
“ Babs ’’ were fed to a pregnant cat, to pregnant rats and to dogs, but no 
records, of consumption were kept. No adverse symptoms veere produced 
in any of the animals. ' 

Rge-gnm Ergot Co?/;. --“ Samples of muscle and viscera ” were collected 
from ‘‘ Brownie immediately after slaughter and were preserved for 
/ffeeding experiment. The muscle was sampled from difiFerent regions of 
the b<>dy p ^ '‘ viscera ” included tongue, lipleen, kidney, heart, and liver, 

-.a— Science.. ' . 
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The samples were preserved by two different methods — ^one j)art was 
dried and ground and stored in this condition, the second part was minced 
and stored in a frozen state, portions being thawed out each day for incor- 
poration in rations. Dried and frozen materials were fed s(.‘parately. 

Four groups of six rats each were fed for six weeks the rations set out in 
Table Vlll, the stock ration being similar to that already described. The 
table shows also, the average daily consumption of muscle or viscera and 
the average weight gain over the period of six weeks feeding. 


Table VUI. -Wkkjht-oain ok Rats fed Tissues from “ Brownie 




MnHcIe or ViHt-era, 

Averas^e W’ eights of Rats. 

Number 
of EatH. 

Ration. 

1 

Pcrcctitauci 
in Ration, j 

i 

A vera^p 
WoiKht 
conHumed 
j)cr Rat 
Daily. 

.‘Vi Corn- { 
monct*- ; 
ment. j 

i 

! 1 

After Six | 
Weeks, j 

j 

Gain. 




Grams. 

; Gran>s, 

1 Grams, 

! Grarn.s 

a 

Stock nitiouH, plus dried 
musclt* 

20 

:M5 

! 

1 

i 2;t7 

1 80 

u 

Stock ration, plus frozen 
niusck* 

20 

1 • .n.s 

! r»o 

2!G 

1 IGG 

i 

G 

Sto(tk ration, j)lus dried 
viscera 

20 


40 

; 22G 

177 

G 

Stock ration, plus frozen 
viscera 

20 

j 4'2 

45 

201 

15G 


The figures in the last column of Table Vlll should be companMl with 
the average gain in weight “of stock rats in this Station's colony; this is 
125 g. in the first six weeks after weaning. 

It is evident that inclusion of frozen or dried muscle or viscera in their 
ration had no ill effect on growth-rate in rats. No abnormalities developed 
in rats during life and all were normal at autopsy. 

It was con(;luded that there was no storage of ergot toxins, or of any 
toxic products of metabolism, in flesh or viscera of cows fed ergot sclerotia. 

Alkaloid Content of Milk and Body Tissues of Animals fed Ergot 

Sclerotia 

Milk . — ^Four hundred and sixty-two grams of milk collected from 
Brownie over the period 4-17/4/42 — that is, during the jieriod when acute 
symptoms of ergotism were developing — were analysed as one sample for 
ergot alkaloids. The result was negative. 

Body Tmms.—MuRch and ‘‘ viscera ” were examined chemically and 
biologically for ergot alkaloids. The samples w^ere collected as soon as 
possible after slaughter, minced and placed in 96 per cent, alcohol. 
Extraction procedure was based on the method described by Kluge(5), 
chemical assay was by the colorimetric procedure using p-dimethylamino- 
benzaldehyde, biological assay was by the cocks comb method. 

Eleven hundred grams muscle and the same weight of viscera (liver, 
kidney, spleen, heart, tongue) from “ Brownie’’ were extracted. Chemical 
and biological tests for ergot alkaloids were negative. 

The chemical data thus agn^e with the feeding tests on rats in demon- 
strating the absence of ergot toxins in milk or body tissues of cows fed 
rye-grass ergot, ^ ^ ^ ^ ^ ^ 
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Chemical tests were also made on muscle and viscera (liver, kidney, 
s[)Ieen, heart) of ])igs 1 and 2, to which large (juantities of ergot sclerotia 
were dosed in the manner de.scrilM‘d earlier in this ])aper. The resultvS are 
summarized in Tal)I(‘ IX. 


Tablk IX.— Alkaloids in the Tissije.s of Pios fed Krgot 



Woijfht. 

Kriiot 

fed. 

rcriod of 1 

'Potal , 
Er«ot ! 


Alkaloid Content. 


i 

Alkaloids j 
red. 1 

i 

Mustdy. 

j Vis(’cra. 


Grams. 

700 

! 1 

1 Da VS. i 

1 « i 

Grams. 

1 Nil in 1,800 g. 

j V 

1 Lvss than 0*01 mg. in 900 g, 


1,700 

1 1 

10 02 

i Nil in l,fK)0 g. 

1 

1 0-02 mg. in 900 g. 


In pigs, therefore, as in cows, there wa.s no accunmlation of ergot alkaloid 
in tissues aRer large quantities of the alkaloid had be(‘n ingested. 


Discussion 

In considining whetlun* toxic principles of ergot can be excreted in the 
milk or stored in t lie tissues of cattle it is pertinent to make .some comment 
on the aceessiliilil y of ergot to stock in New Zealand. 

The (‘xtent to which New Zealand [aisture grasses may become infected 
with ergot is not known with ccirtainty. The incidenc(‘ of ergotism in 
cattle may, howexHu*, be mentioned as an indication of tlieir exposure to the 
risk of consuming ergot. Very few cases of ergotism are, in fact, reported ; 
generally speaking, of those which are reported most occur amongst cattle 
which have liecm grazing on tall fescue grass. One recent case is known to 
th(i authors in cows which wer<‘ fed ergotized rye-grass liay, 

Many ofvtlu* cattle grazi'd on tall fescue grass or fed hay are in a store 
condition — t hat is, they art* neither lactating nor in the process of fattening 
for slaughter. It is therefore unlikely that the cattle to which ergot is most 
accessible would makt* any signiiicant contribution to the nation’s milk or 
meat siipjdy. 

This might iudicatt* that it is immaterial wdiether ergot alkaloids can appear 
in milk or in edililo tissues, llow^ever, the possibility cannot be entirely 
dismissed that cattle which are actually producing milk or meat may ingest 
small amounts of ergot, insulficient to produce clinical symptoms of ergotism, 
and transmit toxins to the milk or edible tissues. 

No estimate can be made of the extent to which cattle may ingest sub- 
toxic doses of ergot, but it is aqiparent, from a consideration of the life- 
history of ergot, that the circumstance WT)nld extend over a short season and 
be confined to those animals grazed on infectiHl grasses in the summer or 
fed hay made from infected grass. 

In the work described above it has been shown that, even under the 
most favourable conditions of ergot intake, no evidence can be found of the 
transmission of ergot toxins to milk or body tissues. 

Cows were fed ergot of tail fescue grass and ergot of rye-grass in 
sufficiently large amounts and for periods long enough to produce clinical 
symptoiiL^ of ergotism. This procedure ensured that the ex|)erimental cows 
possessed no individual resistance to ergot and ensured also that they became, 
as far as possible, saturated with ergot. Even under these circumstances it 
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was not }) 08 .sil)l(" to dojiionstrate chemically the presenc(‘ of ergot alkaloids 
m milk or body tissues, and feeding tests with rats showed that neither 
the milk nor the body tissues contained any substances inimical to growth 
or health of th(^ rats. The fetiding experiments with rats provided a test 
not only for tin; ergot alkaloids, but also for the preseue(‘ of any harmful 
products which might be formed during digestion and metabolism of ergot. 

It is, in the opinion of th(‘ authors, reasonable to interpret th(* data 
presented as indicating tliat tht^Fc is no risk to human health from the con- 
sumption of meat or milk derived from cattle which may have access to 
ergot in their fodder. 
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A BASIC SCHEME FOR LAND CLASSIFICATION 

By L. 1 . Grange, Soil Survey Division, Department of Scientific and 

Industrial Research 

[liecemxl for publimtion,, lOih July, 1044] 

A SATiSFA(JTORY method for the classification of land that will ha\'c value 
in considering the numerous problems in connection with its utilization 
has been sought for several years in iriany countries. The f>urpose of the 
prcKsent article is to outline the basic method of ap]>roach that has been 
followed out in tin* North Island of New^ Zealand. 

A carefully-constructed soil map is believed to be the foiiiidatiori for 
land classification. The filanning of such a map of the North Islarid was 
considerably aided by the fact that the Division had already gained 
experience of the main groups of soils from detailed mapping in several 
localities(I). Besides the districts on which publications have been issued, 
much of North Auckland and Ha wake’s Bay had been covered by fairly- 
detailed surveys. Mapping for the whole Island was undertaken on Lands 
and Survey lithos 1 mile to an inch, and on the available topographic maps 
on the same scale. Wherever possible, use was made of vertical air 
photographs. In order that the soils throughout the Island could be related, 
the genetic classification was employed. In the field the pedologist first 
recognized the genetic group to which a soil belonged, then the stage 
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within the. group, and lastly tho soil scries and ty|)e. The genetic grou])s 
are the broad divisions of soils, wliich follow, wit!) a few exceptions, tlui 
groupings used in other parts of th(‘ world. The genetic groups, each of 
which has a number of soil cliara(‘teristics in coni non, separated out durhig 
the North Island survey are 

(1) Rerevf Soils, — These are deriv(‘d from nvent deposits of alluvium 

or of volcanic asli. Tliev are not leai'lied aiid are in gemu-al of 

high fertility : 

(2) Rendzina Nod.s. Tla^se are lina^-humus soils develo]»ed o?t limestone 

rock : 

(rJ) Yellow-grey Loaws. Th<‘y are deprived from calcareous mudstom* 
and argi}lae(‘ous sandstom‘ umhT a rainfall b(‘1wa*(m Mb in. and 
45 in. (Generally their only (hhciency is ])hr»s])hat(‘ ; 

(4) RodzoJs. A \V(‘ll-de\'eloped p<ulzol is charaderized by a dark-grey 

humus-bearing toj)soil resting on a \ t^rv light ash-iirey layer 
winch in turn rests on a brown iron-cement(‘d layer. In places 
aji horizon of humus- bearing soil is interposed between the 
grey laym* and the iron- bearing layer. In the North Island there 
are two main divi.sions of podzols cue deriv(‘<l fnnn ancient 
\'olcanic-ash dejiosifs and the other from sedimentary Uiid massive 
acid igneous r<»eks : 

(5) Rrowit Loaois. Th(‘y contain three main sub-grou|)s tin* yellow- 

browti loams derived from andesitic’ volcanic ash, tlie brown 
granular (days d(*riv<*d fr(»m andesite and dolerite rocks, and tin* 
red-brow'ii loams derived from basalt. Tlu’y are all high in 
iron o.xide and alumina and an‘ friabh’ soils, easily worked : 

(ti) Meadow Soils.- These develoj) under the influence* of high lev(‘l of 
ground- water : 

(7) Organic Soils. These are the peaty soils: 

(8) Saline Soils. These <‘ontain solulde salts d(*ri\a‘d from sea-w’at(‘r. 

Their colour is blue-grey and their structure is poor : 

(9) Skeletal Soils. Tlu’v cover the steep hill country ajid arc for tin* 

most [>art shallow soils clo.sely related to tlu* parent rock : 

(10) Mountain Soils . — Tluvse takt^ in the steep and broken (‘ountry 
mon* than 3,r><K) ft. af»ove sea-level. 

Most of the groups an* divided into stages young, immature, smni- 

mature, and matur(\ A soil in th(^ young sti ge is but litth* leached, 
whereas one in the mature stagt* has been extr(‘rnely leached of several 
of its chemical constituents, including its plant -foods, by the prolonged 
action of downward-percolating watcis. h\)r instance, the young and 
immature jxalzols have brownish-yellow' subsoils, tlie semi-mature having 
a grey and brown fleck(K;l horizon below- tlu^ topsoil, and the* mature a 
w^ell-developed light-grey horizon. These* stages mark a progressive leaching 
of iron oxide and alumina from the upper horizons. The leaclung, as 
stated, removes plant-foods, so that the young soils are the most fertile 
and the mature the least fertile. Taking the podzol again as an (‘xample, 
in the young stage it recpiirt^s phosphate and Httle. or no lime to|)-dressing, 
whereas in the mature stage high amounts of phosphate and of* lime are 
needed. All the soils in any one stage of a group are not exactly similar, 
and the differences are allowed for by dividing the stages into series and 
types. 
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Whilt* iiiarkiiig out soil types, a number of points relating to them are 
noted. Tliese include panuit material, rainfall, vegetation, topography, 
profile, fertility, the present use of the soil, carrying-capacity, top-dressiiig 
practice, and th(» amount of erosion. The pedologist collects samples of 
th(^ soil horizons of each soil tv})e for chemical analys#i of plant nutrients. 

Following the field mapping, the pedologists and chemists met together 
and drew u}) a common cla.ssification for the soils of the Island. A legend 
of the soil types, tog(‘ther with all the information mentioned above, 
including chemical analyses, was drawn up. The soil map on a scale of 
4 miles to an inch was then drafted. 

The soil map in itself has a limited practical use. There is information 
in the legend on each of the soil types — somewhat more than five hundred 
but worlfing from this no picture is obtained of conditions over the whole 
of the North Island, nor is the iiirfomiation linked with that obtained from 
other investigations. Tin? next stage is to produce^ from it single-factor 
maps each depicting oiu' particular land use. These are simph' maps each 
with only half a dozen or so classes, compared with the numerous sub- 
divisions on the soil map. That such maps can be drawn is obvious ivhen 
it is remembered the variety of inforniation recorded in the legend on eacli 
soil type. Plant nutrients determined in the soil include phosphate, potash, 
lime, magnesia, nitrogen, and carbon, and as well the acidity of the soil 
is recorded. This means that a single-factor map for any one of these 
nutrients can l)(‘ made?. The first single-factor map to be compiled was 
that for lime, and for this {)urpos(‘ the Division co-operat(Hl with tlie Fields 
Division of the Defiartrnent of Agriculture. By uniting soil information 
with aetual u^sponaes obtain(*d in trials by the Fields Division a new map 
embodying all data possessed by these Departments was obtained. 

The legend for this map is : — 

No. 1 . . . . Little or no lime response. 

No. 2 . . , . Slight k» moderate lime response. Initial dressing, J ton an 

; annual, 2 cwt. to 4 cvvt. 

No, 3 . . . . Good lim€^ response. Initial dressing, J toji t;o 1 ton an acre ; 

annual, 4 cwt. to (> cwt. 

No. 4 . . . . Strong lime responses. Initial, more than I ton an acre ; annual, 

() cwt. to 7 cwt. 

This map can be used as a basis for advice to farmers on liming. The areas 
of the four classes of lime requirements were measured, and the position 
may be summarized as follows : — 

Of the ploughable land that is being fVirmed Lc., 6,062, 000 acres* 
3,052,(KX) acres require lime, and the remainder — 3,610,0(X) acres -do not. 
Assuming that the ploughable land deficient in lime needed an initial 
dressing, then 1, 993, (XX) tons of lime would be required for this purpose in the 
first year, and when all land had received its initial dressing 870, (KX) tons 
would be required annually. The” total output of lime in 1941 was 
269, 0(X) tons. Even assuming that all farms had had their initial heavy 
dressings, there is room for more than three times the present production 
of lime. Allowing for some initial dressings, it is safe to say that lime 
output could be at least quadrupled. The position is conservatively stated, in 
that it is likely that heavier annual dressings than those given could in many 
localities be advantageously used, and soil information indicates that many 
of tht‘. soils classed as giving no lime nisponse will in the future require 

* In the figures dealing with lime and for^ fertility classes (p, 139) no 
allowance has Ix^en made for roads, the smaller river-beds, building-sites, &c. Theii‘ 
extent, however, is a very small percentage of the areas quoted. 
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dressings. Besides the general lime position, there is worth noting also the 
great variations in lime requirements according to districts. In hroad 
outline it may be said that ploughable soils'] oca t(?d to the south of a line 
drawn across the Island from the Awaklno Rivtu* to Taiiranga fnainly have 
a small lime requirement most come into No. 1 division and some into 
No. 2. North of this line to Auctdand City the soils are in No. 2, with a 
few areas of No. 3, and in North Auckland the most abundant an^as are 
Nos. 3 and 4. 

A map showing the phosphate eont(‘nt and needs of our soils is being 
drafted, and other single-bictor maps in relation to fertilizers will follow. 
We do not possess enough analys(‘s to construc t ?na])s showing the quantitic^s 
of trace elements in the soils, but it is obvious that witii the* soil types as a 
basis the position can be rapidly ass(‘ssed from analyses of sam[)les from 
the, more important types. From a basis <d‘ soil typers other maps than 
those dirc'ctly defiling with fertilizc‘r.s can be made /.e., according to soil 
texture, drainage, erosion, topography, cfec. Maps showing the amemnt of 
soil loss on eacdi of the soil types in the Gislcorm* and Hawke's Bay districts 
have* already l)eeii ])repared. Most important of all is a maj) showing th(‘ 
fertility or potential ])roduction of the* various soils. This has alrc'ady 
been drawn on the lines of flic‘ following legemd : - 


(‘lass I 


(4as.s ]1 .. 


CluHH in 


Class I\' 


( vlass . . 


Class VI 


Level or iiiKiulatiiig land, not tot) (‘levated, with <h*c|) .soils and 
favourable moisture eonditi()n.s. that can he (fuiverttsl into 
iugh * ijualit V fa rm i ngdn n d . 

Example : Marton. VVeHlern Taranaki, and Waikato. 

Ploughable land which can only he converted into fair- or niedium- 
(jualitv farming-laml on account of some limiting factor to 
jM'odnetivitv. Group (u) .soils in whieli moisture is a limiting 
fH('t(»r. Group (6) soils in which some other factor sindv as 
t<‘\t»ire, sfruetuns drainage, (‘levation or d(‘pth of soil is 
limiting fertility. 

Example : U(»t<n'ua-1’aupf» <listriet, Foxtou district, ami 
mo.st <»f gum land jmuIzoIk soils of North .Vuekland. 

Ploughable land ubicb bus severe limitations to productivity and 
nvpiires more investigation lud'ore development attem])ted. 

Example : Peaty .soils of Waikato aiul ironstoiu' soils of 
North Auekland. 

Hilly or steep land which will maintain grass [)astui’e with little 
or no top-<lr<?8sing. BotJi topsoil and subsoil are of high 
fertility aml^^rosion is not a serious prohlem. 

Example : District extendiiig from Taihape to Turakina 
River, Wairarupa hill country. 

Hilly or steep lami of moderate to low fertility. Light top- 
dressing is recpiiretl to maintain a cover of grass and candul 
inanagemeut necaiesjiry to prevent soil erosion. 

Example : Wellingtcm-Paraparaumu distri<t, Waikato 
Heads to Raglan. 

Hilly or steep land which has severe limitations to utilization, 
su<*h as low fertility or erodibility. This class is probabfv 
more suited to forest tlian to grass. 

Example : Tararua, Ruahine, and Haukiiuiara ranges, 
Eastern Taranaki. 


A preliminary estimate of the areas of the six f(»rtility classes in the 
North Island is as follows:-- 



Acres. 

per ( Viit. 

Class I 


14 

(,^ass II . . 

2,505,(K)0 

9 

Class 11 1 .. 

1.879.000 

7 

Class TV 

.. 2,071,000 

7 

Class V 

.. .2,757,(KHI 

10 

Class VI 

.. 14,740,000 

r>3 
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At this point it is worth \vhih‘ (*oiisiderin^ what fertility meajis. A soil 
is fertile when it produces a larf^e crop of good quality, hi tln^ classifieatioh 
adopted, qinility has not beini considered, for on this aspect, there is at 
present viuy little information. Fcntilitv ihhhIs to be considi^red in relation 
to one crop at a time. /\ soil may give large yields as far as pasture is 
concerned, but not for market-gardening, iH^eause of limitations imposed 
by climate, or by texture of the topsoil or subsoil, or by drainage. For 
the North Island Ihrtilit.y has lieen considiu'ed in relation to the growth 
of pasture, for this is the chief crop. On the pioughable land it has beim 
related to a jiarticular kind of pasture — namely, ry(»“grass, whit(^ clover - 
which gives highe.st production. On the hilly and st(*ep country it is 
related to the aiiility to maintain a fairly dense pasture growtli containing 
some clover. OI>viousIy, if we were considering the fertility of soils in 
relation to market-gardening or to orcharding, tln‘ maps would have a 
diiferent jiattern of l>ounda,ries. In all the six classes .iccount has lieen 
taken of not only the present fertility of tlie s(rils, but also tin* |)ot(Mitial 
fertility when given r(*a.sonabh‘ tr(‘atment as regaids fertiliz(*rs, &c. 
Limitations that cannot lu^ reasonaldy r(‘medied are really in the main the 
basis for the classiticaticn: They may la* due to ad\’erse climate, to 
shallowmess or liglitiu'ss of the soil producing droughtiness, to heavy texture 
making e.vtensive drainage necessary, to the |>resen(a' of a |>an impelling 
drainage, to the presence of many logs and stumps as on pi^atv' land, to 
the serious risk of sod ero.sion, or to the extrenn* })ov(‘rty of the soil iii plant 
nutrients, particularly on hilly and st(‘ep country. Taking all n‘lev{int 
hictors into consideration, a fertility map similar in size to the soil map 
i miles to an inch --was compiled, (b-opcu’ation was obtained from tin* 
Fields Division of the 1)(‘partment (>f Agrieultun* and from the State 
Adv^inces Corporation of New Zea,land*when the first draft was made. 

The single-factor maps dealing wdth fertilizers liave an immediate 
ap{)lication. They can be used to build uj) a sound programme of 
fertdiz(‘r ap|)lication, and this is of no small importance, for somewdiat 
less than 40(),(K)() acres (dliiv'ial valhy bottoms of n'cent origin) of our 
pioughable land ^s moderarely well sup|)lied wdth plant nutrients, and on the 
hilly and steep land 1,879, (KM) acres can get along without fertilizers. On 
the remaining soils that can be dev^eloped for agricultural purposes tlnu’e 
is everywhere need for phosphate, and over a high proportion -of the land for 
lime as w’^ell. The application of phosphate is not a simple matter, for the 
degn'-e of its fixation by the soils is related broadly to the geiudic group 
ami in detail to the soil types. The fertility map gives some guidanct* in 
the selection of land during and after the war for dairying and sheep- 
farming. The limitations imposed by the soil am] the metliods necessary 
to raise the fertility become known. The fact that about three- quart/crs 
of the total area of hilly an l st(5e]> country presents jiroblems in its utilization 
shows the need for such help. 

The value of the North Island soil map, however, cannot be fully 
realized until further surveys and researclies are carried out. A survey 
needs now^ to lie made to class the land according to its present use. 
Next a maj) should be constructed deqiicting tlie land uses of the 
soil types. The aim wdll be to show all the uses for wduch a soil- can be 
employed, rather than aiming to decide its best use. An exception may 
be made in that soils best adapted for forestry may be shown. , For 
agricultural land a soil may be classK'd as suited to varieius types of 
farming to dairying, fat-lamb farming, orcharding, ami market- 

gardening but the best use will nut be selected. Such a map provides a 
basis for changes in land utilization demanded liy changing conditions. 
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It also allows us to iiiakr* ostiiiiatos of tlie po[Milati >ii that can hv (‘arricd 
with full (lovolopuKMit under different seinnnes of land utilization. Further 
investi‘»ations based o?i sin^le-faetor maps, such as draina;i(‘ and soil (‘rosion, 
will considerably (*nhanc(‘ th<‘ir valin'. 

In th(‘ basic schenn* of laiid classification outlined above, the point that 
should be (‘inphasized is that seal rnappin^^ must proc(‘ed well in advance 
of actual land c|Hssifi<‘ation. Soil surveyinu is necessarily a slow proces's, 
for boundaries hav(‘ to b(> inark(‘d out. c(»rr<‘lations made, and numerous 
chemical analyses conducted. Bro})af>ly tins ap|)li(‘s te» New' Zealand mor(‘ 
than to most <ither couritries, as the soil [)attern is (*(»mpl('X owin^ to tin* 
diversity of topo^ra,|)h v anfl parent material in each district. OtluM" suiw<‘Vs 
can |)roceed rajudly on this l>asis. « 

In tlu' Soutli Island, soil surv'oys hav(* covered about half the total area. 
Map[>in^ ol* soil t\'p<‘s for th(‘ pur|>oses of* the basic classification outliiied 
for tlie Xortl) Island lias taken place almost entirely on tlie (*astern side of 
th(‘ Soutluu'ii Alps, the unsurv(‘yed areas of this ])art embra(‘in^ the lowlands 
froin Waitaki Hiver to Milton. Of some districts d<^tailed maps ha\'<‘ Immoi 
published(2). 

The surveys alnoidx' umhutakem can b(‘ repinh‘d as comin<i vvodl uitliin 
the scope of tfn‘ recommendation of the United Nations Conference on Food 
and A«rriculture W'hich l•ec(‘ntly met at Hot Springs, Viruinia. For the 
short-term period followinc tin* war thc‘ (AmfenMU'C recommeiuh'd '* That, 
as a first .stej) iit overcomin^■ the ^(‘neral shorta^(‘ of food, every effort 
should be made by countries whos(‘ agriculture can be expanded io the 
sliort t(‘rm p(*riod ... to incTcase th(‘ acr<‘a»;.* under crop.s for direct 
human <‘<»nsumj)tion . . '‘(‘B- ^'ke lona-t(‘rin j)oli('V " of (‘ach nation 

should la* to increase the efficiency of production throiiyii bettm' farmini* 
methods, measun^s for s(»il <*on.servation, tin* eneouraiienuujt of research, 
and the (‘xploitation of undeveloped areas thrtm^h land clearance, drainage, 
and irrigation projects : and to introduce chanj^cs dcsiaiied to foster tlie 
production at home of pn»tective and relatively j)crishabl ' Txalstuffs ’*(1). 
Progress in Ncav Zealand's pastoral industries, whieh aceouiit for nmre than 
90 per cent, of exports, in no small measun* will dejamd on re.seandi that 
aims at giving us a clearer understanding of our .st)il potentiaJiti *s. 


Kkkekem’ks 
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INVESTIGATION TO DETERMINE SUITABLE METHODS 
OF APPLYING COBALT SULPHATE TO PASTURES 
DURING FERTILIZER SHORTAGE 

By P. W. Maunsell an<l J. E. V. »SiMi‘SON, Aiiiuial Research Division, 
Depart inent of Agriculture 

‘ [Rcttivi'd for publicntion, 2nd Seplemher^ J94S\ 


Summary 

It has Ix’eii shown that, during the superphosphate shortage in New Zealantl, 
satisfactory results can be obtained by applying cobalt to the pasture mixed w ith 
any one of the following : Superphosphate 44/4t) ; reverted super (1»5 per cent. 
CaO) ; super and lime, 2:1; super and lime, 1:1; .5 ewt. linu* and 1 cut. 
sitper ; lime; serpent ine-sufKT ; ))each sand; pumice sand; and a water 
solntioj). 

Introduction 

F(rK some va'ars past cobalt deficiency in Kew' Zealand pastures has been 
remedied by top-dressing wdth cobaltized 8up(vrphosphate. Owing to war 
conditions ther<‘ is no longer enough to meet demands, and some other 
distributing agent had to be found. Experiments were instituted by tlie 
l)e|>artment of Agrieulture at the Animal Research Ktation, Ruakuru, and at 
t he Pjxpcrimental Farm, Mamakii, to determine the most satisfactory rmdhod. 

Exf*erimkntal 

NimOer and Size of Ex'permental Plots 

Fourteen different (^obaltizcul treatments were used. At Ruakura this 
necessitated thirty-one f)lots, comprising du])licates for each treatnuMit and 
three controls. At Mamaku the field did not allow more than one (‘ontrol 
[)lot ; therefore, twenty-nine in all weyre used. Each plot was 4 chains by 
I chain at Ruakura and 3 chains by J chain at Mamaku. 


Materials uml 


All materials were analysed for cobalt (‘ontent both ladbre and after 
the addition of cobalt sul])hate. The figures obtaitied are shown in Talile 1 
and 11. 


Tamle I. -- Analyses of .SAMei.K.s 


Sample. 
Reach naiul 
1 him ice sand 
Hovcrtcil .super . 
Straight super . 
Lime-Muper 
Serpentine-super 
Lime 


HE FOR E Ant irriOK of Coualt 
Cobalt in p.p.iii. 
on Dry Mutter. 

on 

.. 0*7 

0-.5 
1*S 
(i*0 
.. 24*0 

.. 0*7 


Taulk n. — A nalysis.^ of Samples ArrEit Addition of Cobalt 
S ainiile. 

1 cw't. super” -i) oz. cobalt, sulphate 


1 <‘wl. reverted .super (If) per cent. CaO) — f) oz. cohalt sulphate 
.*L 1 ewt. super-lime (30 per eerit. CaCOj) — 5 oz. cobalt sulphate 
4, 2 ewt. 8Ui>er and lime (1 super ; J lime) — oz. cobalt sulphate 

2 ewt. super and lime — 10 oz. cobalt sulphate 

0. 5 ewt. lime and 1 ewt. suiier — 5 oz. cobalt sulphate . . 

7. I ewt, lime-^5 oz. cobalt sulphate 

8. I ewt, lune — ^10 oz. cobalt sulphate .. .. .. 

9^ 3 ewt, mature commercial sjcrpeutine super — b oz. cobalt sulphate . . 

10. 1 <*w t. serfientine-suiFer, — 10 oz. cobalt sulphate 

11 . 1 ewt. beach sand — f% ox- cobalt sulphate . . 

12. 1 ewt. pumice sand-'- 5 ox. cobalt sulphate . . . . . . . . 

13. 1 cwd, laboratory-prepared cobaltized fierpcu>tine-supei‘-^5oz. cobalt 

sulphate .. .. 


UohaH in p.p.m. 
on Dry Matter. 
040 
607 
667 
387 
080 
113 
673 
. 1.320 

667 
. 1,440 

080 
600 


m 
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\u all cases but the last the aualy^ses ^ave a figure slightly higlier than the 
theore tica 1 and all we re co n si d erec 1 sa ti sractory . 

The laboratory-prepared (*obaltiz(‘d s(‘rj>entiii(‘'suj»er had th(‘ cobalt 
incor])orated in the acid during the |>r<*parati<ni oi' the super, and the cobalt 
in the corninercial super was mixed in afterwards. These thirteen mixtures, 
together wdth a water solution giving o oz. of. cobalt sul]>hatc p(*r acre, 
comprised the fourteen treatments used in the experiments. Pasture 
samples frotn each ])lot were analysed before the* tO]>-dr(‘ssings were applied. 

(rraziifff 

The experimental fields wer(‘ set stock<‘d wdth ewes and lambs and wcum* 
gujzcid fairly closely, although suflieient herbage was available to enabh* a 
thoroughly elean and iineontaminated sfimj^le to be eolh*ftr<l. The rai(‘ of 
irr()Wth of th(‘ ))astiin‘ at Mamaku was s!ow(*r than at Kuaknra in the winter 
months (June, July, juid .August). The herbagt‘ was fresh and kej)t grazed 
at g(.>od *■ sh(a‘p feed height throughout the duration of the ex])erim(*nt in 
both exp<‘rimental areas. 

SoiJ.s 

The Kiiakura plots were situated on peaty soil : th(‘ Mamaku [dots on 
pumice s(»il from the Taupo Shower. Plots I II at Mamaku W(*re similar: 
i)ut jtlots lb 29 were on a slope, and it was thought that some, cobalt may 
ha\a* be(‘n w'a.slu*<L from one plot to the next and so caused irregularities in 
tIh' pasture analysers. To cheek this., soil samples (()"3 in. de])lh) wxTe 
< olh'cted in November aiid analysed w'ith tin* following n*sults (Talde IFl) : 


.No. 


Ta»lk in 


Cobalt iu p.p.iu. 
sol. ill HCJ. 


Total ( obalt in 
p.p.ni. by 11 F 
VI*-tbod. 


o 


. ■ i '5 i 

20 

7 


. ; 10 ! 

21 



. i !-4 

2 -S 

24 


. i 1-5 

:uo 


riiese figures do not explain the irregularitit‘s in the Oetolier pasture samples 
from Mamaku. 

The plots at Huakura w*ere top-dre.ssed on the 2nd July, 1941, and those 
at Mamaku on 7th July, 1941. The first picking at Riiakura was on tlu* 
1 1th August, 1941, juid at Mamaku on the Hth August, 1911. 

Dimmion 

All the distributing agents in this trial gave .satisfaetory results. At 
Mamaku the lime plots and the 1 super : 1 lime plots gave the highest tigures 
for the first few months, but were no better than the average towanls the 
end of the trial, the revetted super, the beach sand, and the super-lime 
(2 : 1) plots are slightly bet ter tow^ards the end of the trial, Imt the difference 
is not marked enough to say these plots definitely give more lasting effects. 
The most remarkable results are given by the fdot at Mamaku where water 
was the distributing medium. The tigurtis were among the highest all through 
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the trial aiiil showril a iiiarkiMl ilifTerence Jroiii thi* water plot at Ruakura, 
which was anioni) the lowest all throu^^i. This may be partly due to difter- 
eiices ill soil tixatioji on different soil tyjies. The fact that the top-dressin^cs 
ajipear to last longer at Manuiku, and the Mairiaku fi^ifiires are almost ten 
times the figures at Riiakiira for the lirst few months, may a^ain be due to 
the soil type. 
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(.'t>l>alt. it) ji.p.m. oil Dry Mallirr. 


'I’(il>-(lnssini!:s. 

June. 

nui. 

.... 

Auu.. 

1501. 

Se]»l,. ‘ 
lOtl, 

Oef.. 

1041. 

Ntiv,. 

1041. 

Dee.. 

1011. 

Jail.. 

1012. 

Ffb., 

15V43. 

j oz. of <.*iihalt Kuliihatr — 

1 owt. (] siTpi'iiHih- : super) 

0-2:{* 
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0-2S 
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0 12 
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(M5 
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0-07 
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inadi') ' 

012 
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4-4 

2 ■ 0 

0-02 

1-42 

0-20 

0-25) 

))■ 10 
0-n 

0-12 

0-12 

0 10 
(M2 

0 07 
o-OO 

1 cwt. pumice sand . . . . . . . . 

0 iri 
01.'. 

7 0 

0 7 

12.H 

1 -28 

0-20 

0-28 

0-10 

on 

0-12 

0-15 

0- 12 

0 ■ 22 

0-07 

0-07 

1 ewt. reviTted super . , . 

on 

012 

7-7 

0-7S 

1 -04 

010 

0-08 

0-10 

0-10 

(M2 

(MO 

0 18 

iMO 

0-06 

Water solid ioM .. . . 

012 

01 :; 

no 

0 0 

1 72 

2 .22 

0-04 

0 15) 

0-05» 

0-12 

0-14 

0- n 

O-II 

0-04 

0 14 

1 cvit, super . , . . ^ 

OOP 

on 

■ .*> 

1 ai 

0-27. 
0; 15) 
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0 -n 

0-14 

0-12 
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O-U 

J cwt, liiiie. . . , . , . . . . 
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0-00 
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12- 1 

1 -40 

1 • 48 

0 07 
0-15 

0-12 

0-12 

012 

O-ll 

0 10 
000 

(105 

O-07 

1 ewt. lieai-li sand . . . . . . ^ 

1 O-OH : 
> 0 12 i 

0 1 
• 0 1 

1-18 

1 24 1 

0 18 1 
0 15 

0 12 
0-Jl 

0-14 

1 0‘ 14 

1 0-00 
0-10 

0-07 
: 0 10 

2 cwt. super and lime ( 1 <uper ; 1 lime) . . 

0-O.S 

0-10 

j 12-2 ! 

n-o i 

1-02 j 
1-84 j 

0 -00 ; 
0-20 1 

0-08 

0-12 

: o-u 

1 

0-11 

0-15 

i 0-07 
; 0 07 

i ewt. super jiiul lime (.10 jier eeid. ( aCO j.i . , j 

o il ' 

012 j 

10- 1 i 

.'.•0 i 

] 

1 -28 1 
0-84 1 

0 -22 ! 
0-12 ; 

0 17 

0 12 

0 14 
0-17 1 

0-00 

1 on 

: 0-OS 
' O-07 

~i o\ct. lime and 1 ewt. super . . , , . 

; 0 12 ^ 
; o-i;{ 

^ 0-S i 

i . 0-1 

1 ;i4 ! 

L.1 

0- 15 ; 

1 

on 

j 0-12 

(M2 I 

0-14 

0 (»‘J 
0-05) 

' o -oO 
; 0-11 

Averam> .. 

j 

1 7-40 

I - .2.'. 

(1-20 

on. 

012 

0-1.2 

i 0 08 

10 oz. of colialt .^iilplinte — 

1 ewt. lime. . . . . . . . . . 

0 12 
on 

r' ' "i 

1 12 -s ’ 

j 12'2 , 

2-i.S ' 
1 2-20 

0 -40 ' 
0-20 



0-12 
; 0 J7 

0-20 

O-Ji) 

0 10 
on 

1 0-05 

1 008 

2 (;wt. sui»er ami lime (1 super : 1 lime) . . 

U-Oft 

on 

1 lS-0 i 
; DM) ; 

1 2 00 
i:.4 

1-02 
! 0-22 

i 0-10 

1 0-10 

0-14 

O-'M 

0-12 

0 12 

j 0 -07 
(M« 

1 ewt, seriH’Utine-sujii'r (1 serpentine : ;J super) . 

014 

0-12 

ia-2 ^ 
10 -5 i 

2-40 

2-00 

! 0 -00 
0-20 

1 0-05) 

: o-i?5 

0-15 

0-15 

0- 18 
0-15 

0-07 

1 0 -od 

Averages.. 

012 

u-s 

2-22 

0-50 

0-12 

010 

(M2 

o-oo 

Coutrol .. .. .. .. 

010 

o-ss 

0-18 

0-10 

0-08 

O-IO 

010 

0 0^ 


* I'onUiniinatol ht soil. 


At Ruakura the reverted super, litne, and 5 lime : 1 super plots wen^ best 
at first, and then reverted siipi^r, super, I HUjier : 1 lime, and superdime 
(2 : 1) were the best. 

iStatistical analyses show that at Maiuaku significant differences occurred 
between the 5 oz. top-dressed jilots and the controls up to and iiicludiug 
December ; but at Buakura 110 siguificatit ditference was shown after 
iSeptember. 
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19441 Maiw.skll and Simpson. Inykstk^ation to dktermtxk 
St’itahle Methods of APiM.vmo Cohalt SirLPHATK 
TO Pastures dtdono Fkrtimzkr SiunrrACJF 

A (*om])arison of t h(‘ 5 oz. cobalt sulphate topHlressiniis with the 10 oz. 
cobalt sulphate top-dressings at Mainaku sliows that th(‘ latter gave a 
tigure iu‘arly twic(‘ as liigh for August, S<‘pteiul>er, and October, but only 
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CkIkiM . ill ii.jMii. "M Dry Matter. 
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1 i vvl . pimiirr ‘•.ni'.l 

1 0 1.', 

• n e-t:) 
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* Snnu»Ie (•()?»( jiTiihuiicd by soil. 


slightly higher from Noveiub(‘r ouMTird. At Ruakiira there was very little 
tliflercMice between the two from 8e])tpmber onwards. 

This confirms the results of other experiments, which indicate that 
annual top-dressing wdth more than 5 oz. cobalt sulphate is not justified in 
])ractice. 
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A CASE OF COMBINED POTASSIUM AND BORON 
DEFICIENCIES IN GRAPES 

By H. 0. Askew, Cawthron Institute, Nelson, New Zealand 

for publicMion, IHth November, 1943] 


Summary 

A oliloroais, and later collapse, of tlie leaves of vines at liraebiirn. Nelson, 
has been found to be due t<J a deficiency of potash. Apx)li<nitions of sulphate of 
potash caused the disappearance of the symptoms and brought about vigorous, 
healthy growth. 

A disorder of the flesh of the berries wm controlled by tlie us(* of borax in the 
fertilizer applications. 

Data for potash and boron contents of leaves and berries from the e.Npt‘ri- 
mental area are shown to correlate with the field ob8er\ ations. 


iNTRODlKrriON 

In the sununer of 1941 th(‘ unsatisfactory condition of th(‘ lea\ es and berries 
of an area of grapes (variety Alliany Surprise) at Braebiini, in the Nelson 
District, was l>rought to tlie attention of th(‘ Cawthron Institute. The 
symptoms suggested that possibly both potash and boron deficiencies w<*re 
connected with the iinsatisfactorv afipearance of the ^^ines and l)erri(.*s. 


Experimental 

The vines wer(‘. growing on a poor phase of tin* Moutere clay-loam type 
of soil, a type widespr(‘ad in the Nelson District, which is not only very 
deficient in linu' and phosphate, but in some locations has \min found to ho 
deficient also in boron and magnesium. In the neighbourhood of tliese 
grape-vines apples show internal cork a boron-deficiency disease*. At the 
time the above report of their condition was r(H*eived the vines were about 
four years old and had been fertilized only with l)lood-and-bone mixture or 
with superphosphate. Until the 1940-41 season the vines had apparently 
been healthy, at least nothing was noticed to seriously alarm the owner, 
but in this season the leaves of the vines were in very poor condition and a 
large portion of the berries could not be harvested owing to internal damage 
to the flesh. 

Description of Symptoms 

When first inspected the leaves had a strongly-developed chlorosis between 
the main veins tog€*ther with a scorched and ragged edge. The setting of the 
fruit had been very irregular, and brown areas of tissue appeared in the 
flesh of some of the berries. 

Further details of the symptoms as noted in succeeding seasons were as 
follows : 

Leaves , — The first symptoms were a light chlorotic mottling between 
the main veins. These chlorotic areas changed to a reddish-brown and 
later to a purplish-brown colour. By the time these latter symptoms had 
appeared the edges of the leaves had become scorched and curled upw^ards 
and inwards. Affected leaves were very ragged. In Fig. 1 are shown leaves 
ff orn the area under diseussion ; the one on 1:he left is from a healthy viiK\ 
and the one on the right from an unhealthy vine. 
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1944] Askew. - A Case of C(>Mi{T\En Potassium axd Bokon 
DEFIU rKNCTES TN GrAPES 

Berries. Vinos which received no jjotash and; or no borax in the fertilizer 
set poor bunches of fruit which later carried a number of withered b(*rries 
as shown in Fig. 2, where the bunch on th(‘ left is from a fully-fertilized plot 
and that on the right from a plot receiving neither potash nor l)orax. While 
absence of potash caused poor fruiting, it did not lead to any development of 
dead tissue within the fruit. This w^as apparently due to lack of boron. The 
early stages of this disorder were shown by brownish-green areas showing 
under the skin of even quite young and inunature berries. These areas 
developed in size later, and from Fig. 3 it can be seen that extensive areas 
of some herri(*s were affected. In this phot()gra})h th(^ toj) row shows the 
external app(*arance of some aflheted berries, while the lower row shows tin* 
same berries after thin slices of flesh had been removed to exhibit the death 
of the tissue. 



Fi(3. 1. — Grape leaves (variety Albany Surprise) showing healthy leaf on left and 
potash -delieient leaf on right. 


Experimental 

By courtesy of the owner four rows of vines were made available for 
fertilizer trials. A unit of six vines, consisting of three vines in each of two 
rows, was taken. Two replications of each treatment were provided. Tlie 
area was gently sloping, the higher end having the poorest soil. In plan, the 
plots were arranged as follows. (Only the K and B treatments are shown, as 
nitrogen and phosphate were supplied to all plots.) The vines had been 
planted 12 ft. apart in the rows, with the rows 8 ft. apart, this giving about 
360 vines per acre. 


Slope 

Plot 1: : 

Plot 2 : 

Plot 3 ; 

. ‘ j 

Plot 4 : 

Plot 5 : 



K and B. 

B. 

Jv. 

Nil. 1 

K and B. 



Plot 6 : 

Plot?: 

Plot 8 : 

Plot 9 : 

Plot 10 : 


i 

K. 

Nil. ■] 

K and B, 

B. 

K and B, 

V 1 


■ 1 





Slope > 

Notk. — All plots received nitrogen and phosphate. Plots 1, 2. 6, and 7 are on poor 
soil. Plots 4, 5, 9, and 10 are on deeper soil. Plots 3 and 8 are on intermediate soil. 
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1944] Askkvv. a Case ok Comuixed Potassium and Bohux 

DeFKTEXUIES in (irRAI*ES 

Nitrogen, was .sn}>j>li(^d in the fornis of siil|>luite of aininonia (H (Avt, |)(*i‘ 
acre) and dried })Iood (14 cwt. per acre). lV>tasli was gi\'en as sulphatt* of 
potash (4 cwt. per acn*), and phosphate* as snp(*rphos])hate (h cwt. |>er acie). 
The fertilizer, after mixing, was ap])lied in a, l)and about ‘1 ft. wide* on each 
side* of the rows of vines to 3 ft. ])eyond the last vine of (*ach plot, which 
j)rovided a space of h ft. of unmanured soil between each |)lot. 

Borax at th(* rate of 2S lb. per acn* was sjn’eafl in a circular baud about 
1 ft. wide, but not approaching within I ft. of th(‘ stem of the vine. Some 
was also sprinkled along the rows between the vines. The ff'rtilizers were 
hnally cultivated into the soil. In the two .seasons of the exp(*riinent the 
fertilize*!- ap[)licatiotis were mad(* on 29th ehdy. 191). and on 23rd July, 1912. 

In the 1911 42 season the potash application t'xerted a very beneticial 
edect in reducing tin* amount of chlorosis and sul)s«‘(|uent .s(*orching. Where 
no |)otash had l»een used, distinct <*vidence of chlorosis was visible in mid- 
January. By mid-F(*bruary there wen* many n'ddisli-bnnvn anV‘cled areas 
on the leaves. lh)t ash -treated \ines were g(‘nerally healthy in appearanct*. 
By mid-March the noii-potasli \ines were in a. very [>oor condition with 
discoloured and ragged leav(‘s. At tin* end of the s(*,ason tin* no-potash })lots 
did not show nearly as much new growth as the j)otash-tr(*atetl ones. Soil 
conditions improve on these })lots in passing towards })lots o and 10 ; con- 
s(*cjuently tin* v ines wen* healthi(‘r and the ('fleets of the potash applications 
were not v(*rv noticeable on th<*s(* plots. Xo (‘[feet on the vegetative* growth 
was notic(*d as the result, of using borax. 

Browning in tin* Ht'sli of the Ix'rries was j)r(*sent when* no borax had been 
us(*d, being (‘sp(*cially s(*V(*re on plots b and 7. No actual counts of the 
incid(*nce were made, only visual estimates of d(*gree being not(*d. (.)n 
l)adly-affected bnnch(*s probably .oO per cent, of the berries were affected. 

In tin* 1942 43 season the treatments were repeated. Potash -treat(*d 
vines did very well, coming away earlier in the spring and carrying throughout 
the s(‘ason a ln*avy growth of large, healthy leaves ; no sign of chloro.sis 
was stH*n on these vines. On no-potash vines chlorosis had appeared on 
mature leaves by the lieginiiing of November, A numb(*r of small brown 
spots also a])])t*ared on tin*, leaves, which appeared to la* an early stage of 
breakdown of tin* h*af blade. Tliis spotting had b(*en noted in a mild form in 
the previous season, but fairly late in the season. No fungal infection could 
be demonstrated in tin'se spots. By the l)eginning of l)eeem))er the.se 
symptoms were very marked, especially on the pooler soil. By mid-F(*bruary 
the vines on the poorer soil without potash treatment (plots 2 and 7) were 
in a very })Oor condition with very marked chlorosis and «‘orching of the 
leaves and poor top growth. On the better soil a slight amount of chlorosis 
was seen on the no-potash plots. All potash -treated }>lots had a strong, 
vigorous growth with a heavy crop of fruit. The berries ripened more 
regularly on the plots with complete treatment ; in tin* absence of potash, 
ripening was irregular. In early January the first browning of thy* flesh of 
the berries was seen on plot 7. By mid-February there was a (rousiderable 
amount of affected fruit on plots 6 and 7, which did not receive borax. On 
plots 3 and 4, also without borax but on better soil, theie was only a small 
amount of affected fruit. The impression was gained that, in general, the 
disorder in the fruits was not so severe as in the previous season. 

During the two seasons of these experiments the postash-treated vines 
have improved steadily in condition, and by the end of the 1943 season they 
appeared to be perfectly healthy. The borax treatment has effectually 
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controlled the flesli disorder. The owner of the area has used the same- 
fertilizer mixtare, witli the exception that only 14 lb. of lx)rax per acre was 
used instead of the 28 lb. used experimentally, with very satisfactory results 
both in growth of the vin(‘s and in yield of fruit. 


Chemicat. AnalyvSts of Leaves and Berries 

In botli s<^a8ons saui[)les of leaves and berries were taken for chemical 
analysis. A full set covering all plots was taken in the 1941-42 season, hut 
in 1942 43 only plots 1, 2, h, and 7 were sampled. It will be noted that 
these last plots cover th(* four treatments with and without potash and bora.x 
and were those on which the most striking benefit was obtained from the 
fertil izer a p plication s . 

For leaf samples the blades only were collected. For fruit samples the 
berries were stripped from the bunches and dried whole. 

The samples w'ere carefully ashed to obviate loss of potash, and after 
taking up the ash in dilute hydrochloric acid the potash was estimated by 
the perchlorate method. Boron was determiiuHl on a separate lot of ashed 
material by the qiiinalizarin method. Hesults for the two seasons’ .samples 
are given in Table I : 


Table I. — Partial (•uemicai. Analv'sxs ok SAMi*iiK.s of (JitArK Leaves anx) Bkrries, 

EXPRESSED ON THE DrY BasiS 


Plot So. . . 



0. 


1 

■H. 

4. 


... 

10 . 

Treatnmnf 

1041 42 

K A- B 

B. 

K. 

. 

Nil. 

’ 


K A B. 

Nil. 

E A B. 

B. 

K A IL 

Ash. jm;i' ( t’til. .. 

4 07 

401 

4 15 

4 41 

511 

5-00 

0 02 

7 ' 47 

7-48 

O' 72 

PotaHli (K gO), ]>er ceiit:. . . 

O'OO 


0 .54 

0 512 

0 00 

0 01 

0 07 

0 • 08 

0-71 

O' 50 

Boron (R), p.p.ru.* 

1042-4:1 ~ 

:?0-2 

4! *8 

5 -.5 

10 n 

n -0 


12-4 

(12 -4 

two 

:W'U 

Ash, per ceul. . . 

0 01 

5-88 

0:.i7 

5 00 







Potash (K .jO), ]K;r rent . . . 

o-o:i 

or>:i 

0-H8 

0 40 







Boron (B). p.p.in.'" 

20- 1 

.'WO 

14 0 

10* 1 







lim’ii’fi 

1041-42- 











Ash. ptr <*enl ... 

2 -SO 

211 

2 • 50 
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B<»r<»n, (B) p.p.iii.* 

;i:i-o 

21 -0 

0-4 
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I !! 



• F.p.in. — parts i)er milliom. 


Notk.- K supplied as siil|»hale of poliish and H as Iforax. All plots recelvwl unlforin N and 1' 
treat ineiit. 


It is evident from these analytical data that, especially on the poorer 
soil (plots 1, 2, 6, and 7), in each season the applications of sulphate of potash 
have markedly increased the potash contents of the leaves and berries. 
Plots 4, 5, and 10, on the better soil, show little difference due to the potash 
applications. Plots 3 and 8 are comparable in soil conditions, being inter- 
mediate between the groups mentioned above. It will be noted, too, that 
the potash contents are in harmony with the presence or absence of leaf 
symptoms ; the two plots showing much the worst symptoms have only 
about half the amount of potash found in the healthy leaves. 
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Wherever borax has been applied the boron contents of [)Oth leaves and 
fruit have, been greatly increased. Thus on the no-borax plots the average 
Vioron content of the leaves was 9*8 p.p.in., whereas that of the borax-treated 
plots was 36*7 p.p ni, in the 1941-42 season. In the berries the corresponding 
ligures f<)r no-borax and borax-treat(‘d areas were 5*9 p.p.in. and 26*8 p.p.in. 
IjOW boron content of the berri(\s is correlati'd with the appearances of severe 
browning of the fl(‘sh of the berries, while high boron content is associated 
with ht^althv fruit. 

DiscrssioN 

The potash content of the l)lades of tin* leaves of vines in this experi- 
ment is of the same order as that found by ITlricli(l) for vines growing on 
soil which gavi* responses to jiotash fertilization. Ulrich’s vines were, 
l]ow(‘ver, ap})arently not cxhiliiting any syinjitoms in the leaves, as he 
makes no ref(*renc(* to such an occurrence. In the present case the increase 
in potash conb'nt following “fertilization was more marked than in Ulrich’s 
<‘xperiun*nt. A xariation in potash content from season to season is seen 
in the present results as in that of the .American investigator. The continuing 
development of l(‘af sym})toms on vines not receiving potash and the non- 
development of symptoms aft(*r the use of potash in the fertilizer, combined 
with tin* corrt‘lation of intensity of symptoms wdth potash content of tin* 
leaves, d(‘finitely indicates that the leaf symptoms in the Nelson vines w^en* 
due to a d(‘ficieney of potash. 

The potash status of the x ines exert<»d a detinit(* elfect on tin* yield of 
fruit l)y intluencing tin* dexelopinent and uniformity of ripening of tin* 
berri(‘s. Low boron status slioxved a detrimental effect on yield by the 
shrivelling and disfigurement of the berries due to int(‘rnal collapse of the 
tissues. The non-developnn‘nt (>f tin* browning of the tissues of the berries 
where borax was used, combined xvith the correlation between boron cont(‘nt 
and health of berries, suggests that this disorder xvas due to hnrk of boron. 

Ijeaf symptoms xx’hieh might lx* corr<*lated with tin* boron status of the 
x’ines xvere not seen, c<*rtainly nothing of the type reported by Scott(2). 
The lowest figure (5*5 p.p.m.) feund in the present trial is of the same order 
as that found l)y Scott (0 p.p.m.) for leaves from badly -affected vines, 
although oiu* variety developed ‘‘ extreme symptom.s *’ when showing 
24 p.p *^“- boron{2). The use of 10 lb. of borax per acre on the American 
vines raised th(^ boron contents of the leaves to from 19 p.p.m. to 54 p.p.m. 
In the Nelson vines 28 Ih, of borax gave a maximum figure of 42 p.p.m. 
Wlvat may be regarded as noi rnal x alues for the boron content of grape leaves 
appear to be laclcing in the literature. Magoon et a/. (3) found for young leaves 
of Concord and Ontario vines receiving a complete fertilizer ax erage values 
of 17 p.p.m. and 16 p.p.m. respectix-ely. 

For the boron content of grape berries recent data appear to be lacking, 
and no reference has been found to the type of internal disorder found on tin*. 
Nelson vines. Older values for boron content range from 7 p.p.m. to 39 p.p.m. 
but it is not clear from the abstracts of the original papers whether thes(i 
are expressed on the fresh or the dry basis. The highest of these figures 
corresponds to that Itoiu the borax-treated vines in tlie present experiment. 

There appears to be a definite seasonal influence on the boron content of 
both the leaves and fruit, to be seen especially on those plots where the 
boron supply was low. In the 1942 -43 season the boron contents of such 
plots were appreciably higher than in 1941-42. The lower incidence of 
damage to the fruit in the 1942-43 season may lie correlated with the better 
boron status in this season. 
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RESEARCH ON ANOBIVM PUNCrATUM DE GEER 

THE FLKHIT PERIOD AT AUCKLAND 

By Wi.Nso.MK Dennk, Assistant .Mycologist, D. SriLLBli, Entomologist, 
Plant Diseases Division, and J. M. Kelsey, Assistant Entomologist, 
Eiitoinojogy Division, De])artment of Scientific and JiKlustrial llesearcl) 


[Rf'crlmd for puhlicaiioUj 19th May^ 1944] 


Introdiution 

The house borer oi’ common fiirnitun^ beetle AntMum puucfdfum de ({(‘c]’ 
is a widesprea<l |)est of sapwood timber in buildings and furniture throughout 
New' Z(»aland. In 194c a ri'search programme was initiafed on the suit«ahility 
of the beetle as a test ins(M‘t for t he (‘valuation of timber theraj^eutants, and 
for this it has been necessary to collect a very large number of beetles froni 
various source's in Auckland viz., infested buildings and discarded timber. 
As records have been kept of the emergence of the adults then* has accumu- 
lated a body of informatioii oji the flight period of the insent in this area, 
and such information is presented in this paper. 

Thomson (1922) has recorded the opinions of several oliservers conceruijig 
the flight jieriod of A, jmnetatmu in the Dominion. The extreme range was 
from October to January, with the maximum regarded as occurring during 
the middle of DecemlxT. One observer stated that the beetle emerged onl\' 
during the second and third weeks of December. Miller (1925) has stated 
that the adults emerge during the months of October, November, and 
December. Smith and Forbes (1944) gave the flight period in Wellington as 
extending from December to March, but earlier in the Nort/h and later in the 
South. 

Technique and Results 

The records have been made over the last three years and are based on 
the flight of over fifteen thousand beetles collecte<l from the sources shown 
below. The timber for (1), (2), and (3) below was collected from varying 
lc)€atioua withixi the city, and in each case the timWivwm sorted 



NUMBER OF BEETLES PER COLLECTION PER WEEK. ONE DIVISION = 25 BEETLES. 
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it renewed each v^ear* The records of (4) and (5) were obtained by collecting 
in sUn from the surfaces of the infested timbers 

(1) Six mgeti housing approximately 5(K) superiicial fe(*t of timber k(’pt in 

the basement of the laboratory. Results for the seasons 1941 -42, 
194 2- 1 5, and 1943 44 are shown in Fig, 1 : A, 13, and E. 

(2) A large hin housed in a well-ventilated shed and holding approximately 

1,(X)() .superficial feet of timber. Results for the stvasons 1942 43 
and 1913 14 are shown in Fig. 1 ; C and F. 

(3) in 1943-44, approximately 7(K) su])erficial feet of olfciits and surplus 

timber housed in an inm'targ. See Fig. 1 : H. 

(4) A large and heavily infested v\ty factor i/ wdiich l)ecame available for 

collection pur[)osr‘s in December, 1942, and wris again available iii 
the seas(Ui 1913 II. Se(‘ Fig. 1 : D and 0. 

(5) Durina tin* season {913 44 two hoascM at Mould Roskill. St'e Kig. 1 : 

4. 

In the main, collections were made daily, (‘xcept; at tin* week -(‘inis and o\'er 
Ohristmas and th(‘ New Y(‘ar. 

Since the numbers collected from each sourer* .shtmTd consideralilc 
variation from day to day, the u^sults w'ere smoothed by grouping, and tht* 
fr(*(|uency’ histograms were calculated as the average mimla^r of b(*etles fier 
collection in (aich w'eek. R(*sults an* shown thus in Fig. 1. 


Discussion 

The r(^sults show that no beetles have be(*n collected before the middle 
of October or after January. 'Phe main (*ftiergenc(*, how(‘V(‘r, covered five 
wrecks from the lieginning of December, and although th(‘re was some 
variation in the maximum flight period, with two exce|)tions — vix., Fig. 1 ; B 
and E all occurred iir tlie second, third, or fourth weeks of that moid'h. 
Fig. 1 : B and E are of value in indicating that at times the maximum flight 
may occur outside this range. 
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Mycolook’al Papeh No. 8 

* A Preliminary List of Plant Diseases in Jamaica," i)V N. H. Larter and 
E. B. Martyn. Price, 2s. 3d. 

“ A Dictionary of the Fi;ngt ” 

' A [liclionary of the Fungi " by (U C. Ainsworth and (1. R. Bisbv. 
Price, 20s., or U.S. $4'()(). 

IMPERIAL BUREAU OF SOIL SCIENCE 
Technical Communication No. 41 
The Takeoill Disease of Cereals,’’ by S. D. Garrett. Price, 2s. bd. 

TkCHNK’AL CoMMlTNICATlON No. 42 
‘‘ The Mineralogy of Soil Colloids,” by G. Nagelschmidt. Price, 2s. bd. 
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““ Antibacterial Agents derived from Micro-Organisms,” by Ruth Allcroft. 
Price, Is. 

The Present Position of Phenothi<azine as an Anthelmintic,” by 1). G. 
TMvey and J. R. M. limes. Price, Is. bd. 
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Profiagation by Cuttings and Layers,” by R. ,1. Oarm'r. Recent work and 
its application with sp(*cial ndVrence to pome and stone fruits. 
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by 1. Kissin. Price, 3s. 

Tech,nu’al Communication No. 2 
” Co-o).)eration in F(m:‘stry,” by 1. Kissin. Price, 4s. 

REPRINTS FROM FORESTRY ABSTRACTS 

“ V\'ood-\vastc Utilization,*’ liy W. G. Campbell and P. Hariis. (From 
Forestry Abstracts, Vol. 4, No. 2. 1942.) 5 pp. Price, Is. 

“ Forests and Forestry in Norway,” by Finn Frost. (From Forestry 
Abstracts, Vol. 4, No. 3, 1943.) 4 pp. Price, Is. 

“ The Land-use Movement in West Africa,” by J. N. Olipliant. (From 
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NEW ZEALAND BACON PIG JUDGING STANDARDS 

Hy i \ F. McMekkan*, H. A1. I^kiksoxt, H. E. Jounson;:;. H. K m:i:iuc\e§, 
F, Meiumt';. and J. D. AxNDERsox* 

[/{( riiiufl fat pulf fiatum. '.iUih Si p( ember y 

Summary 

'['Ill's ri'pcrt presents the (lel/iils of a. system of es aliiatiiig the New Zealaml 
hac^on j)ig ea reass. 'fhe method suggesttal has been evolved ly a teehniea! 
eummitte<‘ set ii}) by tlie New Zealand Department of AgnVultnre. 

d’he system is bas<‘d upon the use of linear carcass mea sure iriei its and 
uj)Of) eye-judgment of chiinn'tvrs not nvulilv measurable l)y objeeti\e means, 

Of a total of IdO {loints, (iO are awardeil on direct measurmnents and 40 on 
{‘V<'-jn<lgmentH. 'I’o naluce to a miiuinuin errors due to the personal faet(»r in 
eye- judgments photographic standards for siieh <*haracters arc pivsentcd. 

'I’he system is designed to cover pigs which fall within the optimum liu’on 
weight of 130 lf>. to l(>0 11). dressed carcass weight. 

( \se of the .system in competitions involving f)ver four thousand pigs has 
demon.strated its capacity to .sort out the typ(‘ of carvuss required hy the liacon 
trade. 

The system has bei.ui adopted as tlie otticial standard jialging system for 
baeon pigs by the National Fig Industry Douncil and the New Zealand !*ig 
lireeders’ Associat ion , 


Dureng the ])ast ten year.s enthusia.st.s interented in th(‘ iinjirovenient of 
the New ZeMhiiul fiaeon pig have (ievelojied \Tirioiis .systems of judging 
baconers. Commencing with a simple method of (\ye-jiidgnient, in which 
bacon-curers and others associated with tln^ trade merely selected the best- 
looking carcasses as ])rize winners, more and more reliance upon direct 
measurements of particular characters has gradually re])laced guesswork. 
Such direct ineasunujients were a decided advantage over eye- judgments in 
that they eliminated the personal factor and, in addition, provided definite 
standards at which the breeder of pigs could aim and by w'hich he could 
measure his })rogress from year to year. 


*McMeekttn, C. P., Buperint^hdent, Ruakura Animal Research Station, l)epart- 
ment of Agriculture, 

f Peirsrm, H, M., Superintendent, Fig Industry, Dep.irtnnmt of Agriculture, 
t Johnson, H. E., Representing Pig Breeders’ Association. 

§ Kneebone, H„ Sup:irvmng Grader for Auckland Farmers’ Freezing Co. 

II Merrit, F., Supervising Grader, Meat Board, Auckland. 

^Anderson, J. D., Supervising Grader, W. R. Fletcher, Westfield, Auckland, 

lO—^Soiencse. 
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This application of direct measurements to the evaluation of a bacon-pig 
carcass culminatcMl in the development of the so-called Smithfield System ’’ 
of judging, |)rovided by the well-known British authorities, Messrs. J. B. S. 
Swain, of Empire Port House; H. R. Davidson, of Harpendon, Hert. ; 
Dr. John Hammond, of Gambridge University ; and Mr. N. L. Wright, of 
the New Zealand Dei)artment of Scientific and Industrial Reaearch,.London(l). 
This system was evolved over a period of years in direct response to requests 
from New Zealand producers for standards which would enable them to 
assess accurately th(' suitability of their pigs for British trade requirements. 
The Smithfield system depended almost entirely on careful measurements 
of back-fat, lengtb, leg-length, and muscle-development. It involved cutting 
the carcass in the loin region to enable its internal composition to be measured. 
The system set a high standard of excellence, the average New Zealand pig 
scoring only about 50 per cent, of the possible marks. Due partly to this 
S(‘verity in judgnnnit, but more to the fact that cutting of the carcass involved 
a financial loss which it has not been possible for interested organizations to 
meet on every occasion, tin* system has been used only to a, limited degree. 
Only in one or two areas where suitable arrangements for cutting have 
been possible has it been in continuous use. In other districts judges have 
been forced to improvise modifications of a type involving no serious 
disturbance to normal trade |)ractices. In these, cutting of the car(;ass has 
been dropped and measurement of eyi^-muscle, and fat over the eye, 
eliminateil. More reliance has had to be jdaced on eye-judgment. 

As one su(‘h modifi (nation, the National Pig Industry Council has used a 
system designed to bring judging results into line with commercial grading 
of bacon pigs. Measurements that could be obtained readily were retained, 
but even here standards asked for w^ero suitably lowered in comparison with 
the Smithfield scale. This system raised the average mark of competition 
pigs to somewhere near the 80 per cent, level, and thus gave a good com- 
parison with commercial grading under which about 80 per cent, of pigs 
grade No. 1 Prime, While achieving this objective it was soon found subject 
to the very severe criticism that it did not give sufficient scope in judging to 
allow full credit to the really superior carcass or sufficient })e7uilty to the 
really inferior pig. 

Difficulties of this type soon focused attention on the point that it is not 
practicable to employ the same methods both for judging pigs in competition 
work and for commercial grading. In commercial grading a system is needed 
that will sort out three or four reasonably uniform lines of commercial 
carcasses. In such lines there can, and will, be a good deal of variation in 
type, but, on the average, the carcasses of any particular ^ade will be suitable 
for the purposes intended. On the other hand, in judging pigs as individuals 
a system is needed that will sort out carcasses in order of individual merit. 
To do this it is essential that a wide range of marks be both available and 
used. For example, in the National Council method as used in recent 
competitions full marks for back-fat were awarded to any pig that graded 
No. 1 Prime. Since a large tolerance in back-fat measurements is allowed 
under the commercial grading system this meant that pigs with ideal fat 
received the same mark as others that were much fatter or leaner. No 
separation of pigs in order of merit was possible. This naturally led 
to considerable confusion on the part of exhibitors and farmers viewing the 
prize-winning entries. Since all of these systems have been used in different 
districts of recent years it is obvious that there has been no uniformity in 
judging. To secure such uniformity the Department of Agriculture recently 
set up a technical committee composed of the writers of this report. Having 
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wide practical experience in trade requirements and carcass evaluatiDn work, 
and re])resenting all interested j)artie8, it was hoj)ed that this committee 
could evolve a system which would ))e accepted throughout New Zealand. 

In approaching the problem the committee had in mind the following 
essemtial requirements : - 

(1) That measurements should be employed wherever ])raeticable ; 

(2) That, where eye-judgment is iiuavoidabU', [)hotographic standaids 

should be used as a guide to judges : 

(3) That the system should be so balanced that no one charact(*r should 

outweigh another, but rath(*r that an all-over good type animal 

should be sorted out : 

(4) That, to be workable, the method should not conflict with established 

trade practices of processing and marketing. 

In (*\'olving the system h(*reafter described th(' committee has taken 
adA^antage of the data available from many carcass com}>etiiio])s of past 
y(*ars, and has tried out tentative methods in recent competitions involving 
over four thousand pigs. It is satisfied that, in the hands of ex])erienced 
judges, the system provides an accurate mt'asure of the excelleiu'e of a 
i»acon canvass, and will sort out the typ<‘ of carcass required by the VViltsliire 
bacon trade both in New Zealand and overseas. 

Method of PcuxTixti 

A maximum of 1(K) ]K)ints are allotted each ])ig. Th(*se are based u])on 
OO points obtained from direct measurements and 40 |>oints ol)tained from 
4‘ye-judgment. The distribution of the points is as follows : — 

Direct Measurement — Maximmn Points. 


Length 

. . 20 

Shoukler-fat 

. . 10 

Loin -fa t 

. . 20 

Balanc(‘ and depth 

10 

e-judgment— - 
Hams 

.. 15 

Fore end (shoulders) 

. . 10 

Fullness of meat 

. . 10 

Marketing j)oints 

5 

Total 

. . 100 


Disquulifieatiom, — In view of the impossibility of making fair allowance 
for disease and other important defects, the following characters automati- 
cally disqualify an entry from being placed in any competition, but will not 
necessarily prevent such an entry being evaluated under the system : 
extensive seedy cut ; excessively soft or discoloured fat ; jnys rejected or con- 
demned in part or whole by normal grading practice. 

It will be observed that headless pigs and pigs rejected for export on 
account of pleurisy are thus disqualified. 

Weight Range 

The system applies with accuracy only to pigs of optimum bacon weight — 
to pigs from 1301b. to 1601b. dressed weight. It is strongly recommended 
that competitions be limited to pigs within this weight range. To enable 
pigs outside this range to be evaluated where necessary, the following tables 

10 * 
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include measurements for lighter and heavier weights. It must be stressed, 
however, that pigs lighter than 130 lb. will score better than they should. 
Heavy-weight pigs, since these are undesirable under normal conditions, 
will tend to l)e penalized. Within the true bacon- weight range the system 
gives an even chance to a ])ig to score well, irrespective of its weight. 


Length. (20 Points) 

Length is measured to the nearest J in. in a direct line from the aitch-bone 
(symphysis-pubis) to the junction between the first rii) and the sternum (see 
Fig. 1). The standard required is coTn[)arable with that of tin? Smithfield 
system and. ms a general guide, a length of 32| in. for a pig of 141 lb. to 
145 11). is demanded for maximum |;oints. For each J in. below this standard, 
1 point is deducted. Actual ])oir.ts for length in relation lo weight are shown 
in Table 1. 


Tablk l. -Si^ALK OF Points for I.enoth 
(l^ength in inches and (juarter iiu'hes) 


J.ijiht WeiKlil.. 


Carcass Wcijihl (l.h.). 


Heavy Weijrlit. 
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JiCngth taken as in Fig. 1 to nearest quarter-inch atau e. 


Shoulder-fat (10 Points) and Loin-fat (20 Points) 

Shoulder-fat is measured to the nearest yVi in. at right angles to the 
skin at a })oint op])Osite the third vertebra. Loin fat is measured to the 
nearest at right angles to the skin at the smallest depth in the region 
opposite the kidney (see Fig. 1). For convenience, both these measurements 
include tlic thickness of skin, for which due allowance*, has been made in the 
tables. As a guide to the standard asked for, maximum points are awarded 
for shoulder-fat where this is between f| in. and in. in a pig of Ul lb. to 
150 lb. Thus a small tolerance in fat-measurements at the shoulder is permitted 
for maximum points. At the loin the standard for a pig of the same weight 
is 1 1 in,, with no tolerance. Since the trade demands an optimum amount 
of fat, deductions are made (see Tables 2 and 3) for both increases and 
decreasovS in fat-measurements above and below these standards. 
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Balance and Depth of Side. (10 Points) 

In view of the iniportance of this character in a l>acon pig (see Fig. 2), 
attention has been gi\'eii to the best way of measuring it. A good side is one 
which is not only well balanced in its proportions, but also one which is 
not too deej) through the fore end. The method used hitherto has been to 
take the difference l)etween the maxi mum depth through the chest and the 
depth through the flunk. The sTualler the differeitce, the greater the number 
of points awarded. This has not proved satishicfory, since short, excessively 
deep pigs often scor(‘d full marks. A little thought em])hasizes that the depth 
of side should be considered in relation to its length. Accordingly, in the 



Fio. 1. — Method of measuring length, chest depth, 
shoulder-fat, and loin-fat. 


bystem here adopted, the carcass is measured through the deepest part of the 
chest to the nearest J in. (see Fig. 1), and points awarded according to the 
ratio of this measurement to the length of the same carcass. 

For maximum points the chest depth must not be more than 40 per cent, 
of the length. Thus a pig with a length of 30 in. from aitch-bone to first rib 
will secure full points for balance and depth if it has a chest depth of 12 in. 
or less. An increase of Jin. above this standard results in a loss of 1 point 
(see Table 4). This standard is based upon the relationship between length 
and depth in the best-quality Danish Wiltshire side8(2). 
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To avoid the danger of breeding pigs that are too shallow in chest depth 
a penalty of 5 points is deducted from the score for this charact(‘r in the case 
of pigs that are 1 in. or tnore below the ininiiiiuin chest depth standard for 
full points. 

Hams. (15 Points) 

To aid judges in securing uniformity in awarding points for hams, 
photographic standards have been prepared (see Fig. 3). 

The most important point is width through the thighs at the tail level 
when viewed from the back and depth when viewed from the side. The ham 
should also be well filled in the crutch, with short legs, carrying a maximum 
of fleshing down toward the hock. 




Fio. 3. — Pnr»tf»irraphi(' ntandunl far ju<lging 
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It is (‘xtreinoly important that this deep fleshing over the pelvis should 
consist of muscle rather than fat. Many hams have an ideal- sha|.)e in being 
even wider, deeper, and better filled than that illustrated as being worthy of 
full points (Fig. 3), but are undesirable because^ these qualities come from 
excessive fat. Sucli hams must be penalized ac^cording to their degree of 
fatness. 

It is also extnmiely im|>ortaiit in this, as in all other eye-judgment 
characters, to make full use of the scale of })oints available. Most judges 
have a tendency to givt* neither very high nor very low ])oints, with the 
result that fair allowance for ham quality is not made. 



Ffo. T). — Further photographic staiiflard for judging foro end. 


Fore End (Shouldejis). (10' Points) 

Here again photographic standards have been pr()\'ided to assist judges 
(Figs. 4, r>, and 6). 

The principle that the fore end should account for the smallest possible 
weight of the whole carcass should dominate award of points. In general, 
this priiufi])le is fulfilled with a shoulder that is narrower across the back than 
the corresponding measurement through the hams ; a shoulder that ia neatfy 
tapering rather than bulging, and a shoulder that is not too deep w^hen 
viewed from the side. A slight bulge in the position of the shoulder-blade 
is not a defect if this is due to muscle rather than fat. This can usually be 
assessed by the depth of back muscle exposed by the backing down over the 
shoulder region. Head and jowl should be light. The side view (Fig. 5) is 
most important in assessing the relative w’^eight of carcass in front and behind 
the shoulder-blade. 
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It must be emphasized that the shoulder can be too fine or sharp over the 
withers, Such excessive fineness is associated with lack of depth in fleshing 
throughout the carcass. 

The same remarks al)out using tin* full scale of |)oints in (‘ve-judgments 
apj)ly to judging the fore end. 

FrLLNEss OF Meat. (10 Points) 

In awarding points for fullness of meat, points are givtm For the wealth of 
muscle against fat. A reasonable pro|)ortion of fat is essential in all meat, 
but the average consumer insists on a much gnaitm- jjereentage of muscle 
than fat. In addition, he prefers a deef) layer of muscle ovan* the lione. 

The comniittcf* appn‘ciate.< that the only aeeurate jtieasun* of inuscio 
depth is one obtained from cutting the carcass. Since this is not praeticable 
an attempt to assess it f)V eye must b(‘ made, B(‘eause any such assessment 



Fj( 3. 0. — E\.'iiiiple8 of good and had balaiioc in the cured side. 


can be no more than an educated guess, fewer ])oints are award(*d for this 
cFiaracter than under the Smith field system, when‘ the act ual depth of eye- 
muscle on the loin cut was used as a basis. 

Bince the loin region is the weakest j)art of a pig, the development in 
this part is taken as a guide. Fullness of ineat is judged according to the 
fullness of loin, taking into account the thickness of fat-cover. From careful 
comparisons of uncut and cut loins it is considered that the depth of muscle 
will be satisfactory providing the loin region is well develof)ed and providing, 
this develo 2 )ment is not made up mostly of fat. Evenness of fat-cover is 
essential. The depth of fat may be correct in the back line over the loin but 
thicken very quickly a few inches down the side. Such a loin appears very 
well “ filled ” to the inexperienced judge. This is not so. The correct type 
of loin is flat and wide on the back, with the sides almost square wdth the 
back and not round like a barrel. This generally gives a definitely “ feminine 
waist to a pig to a degree which amounts to weakness according to traditional 
standards (see the good pig of Fig, 7). 
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A socoiHlary guide which must also be taken into account is the thickness 
of belly in the loin region. The greater the thickness, providing again that 
this is not due mainly to fat, the greater-the points awarded. 



ji’io, 7. — Good and Imd proportioned pig.s : A/henvy fore (‘ud and light hind end— had 
type ; B, heavy hind end and light fore end — good type. 


Ex];)erience on the part of judges is more essential in judging fullness of 
meat than in any other character. 
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M\rkktin’(; Points. (5 IVrints) 

This allowance' is iria'lc to take into account those cliaracters iin])ortant 
to the trade which ha\'e not l>e(*n inclii .l(‘(l a hove. 



Fio. 8. — The type of pig tlu* system is <tesigned to select. This group won the Jl)44 
Fletcher Competition with iin average mark of 78^ points. 


Under this heading are considered texture and colour of skin, freedom from 
hair, bruises, and blemishes, and suitability of weight. 

Texture and Colour of. Skin . — The skin must be thin and fine in texture. 
^ It must also be uniformly light in colour. Deviations from these requirements 
' are penalized by loss of points. 
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Freedom from Hair, Bruises, and Blemishes, — These are self-explariatory, 
with the proviso that no penalty is made for bruises or abrasions which, in 
the opinion of the judges, have been incurred in transit. 

Weufhi view of the recoinmendation already made to 

confine carcass (ajrn petitions to pigs of true bacon weight, and to ensure 
that f)igs below 130 lb. do not gain an advantage if they have to be included, 
penalties are made for unsuitability of weight. The judge should exercise 
ids discretion here and make whatever deduction, up to the full value of 
5 points, that is necessary to exclude such a pig froip a high rating. 

Judging of Groi7i*s of Pigs 

The foregoing system is designed to apply to the evaluation of a single 
])ig. P^'or many reasons, difTerent organizations are interested in competitions 
invohhig nioTC than one )>ig per entry, and are faced witli the problem of 
adapting a judging system to a group of pigs. 

The committee is of the opinion that any special additions to the method 
so far outlimal, to suit such competitions, are the res|)onsibility of the 
organization involved and should be decided on a hasis c)f the particuhir 
objectives of the competition concerned. 

AsS a gen(‘ral guide, however, the committee, based on its ex[)eri(?nce of 
such group competitions, makes the following recommendations : 

(1) That the individual ])igs be judged as above, and tlie total score of 

the grotl|) obtaim‘d ami us(‘d as the basis of award : 

(2) That, in addition to individual quality, allowance be made for 

nnifonnity of both weight and type on a group basis: 

(3) Uniformity of weight (10 points) should be allowed for according to 

the (litVerence in weight between the lightest and heaviest member 
of tin? group, as follows : — 

Weight Range. , Per Group. 

10 lb. or less . . . . . . 10 ] mints. 

I t lb. . . . . . . . . 8 points. 

18 1b. .. .. .. .. 6 points. 

22 1b. ' .. .. .. 4 points. 

20 11). . . . . . . . . 2 points. 

This scale can apply irrespective of the number of pigs in the 
group : 

(4) Uniformity of tyfa^ should be allowed for on a basis of 10 points per 

group for evenm*8s of conformation as judged by eye. Thus the 
grouf) of Fig. 8 would secure 0 points, losing 1 point for the short 
carcass. The total points here might well be reduced to 5 for 
groups involving less than four pigs. 

(5) Disqualification of one pig in a group should automatically disqualify 

the whole group. 

Acknowledgments 

The thanks of the committee are due to the Department of Agriculture, 
Messrs. W. and E. Fletcher and Co., Ltd., and the. Auckland Farmers' 
Freezing Co., Ltd., without who.se co-operation the investigation on which 
this report is based would not have been possible. Wcj also appreciate the 
action of the National Pig Industry Council and the New Zealand Pig 
Breeders’ Association in accepting the system as the official standard judging 

system for bacon pigs. 

Eeperences 

<1) Davidson, H. R., at al . (1936) : Pig Breeders Ann ., 16 ; 

<2) McMbbkan, C. P. (1939) ; «/, Agr , Sci ., 29 , liC-124. 



1944] 


Askew and Beiok. — Flite-ci'red Tobadcd 


17f 


FLUE-CURED TOBACCO 
I. CHANGES IN WEIGHT OF LEAF DURING CURING 
By H. 0. Askew and R. T. J. Blick, Cawthron ]n.stitut(>, Nelsoji 

\Hiveivt‘d for publicnf ion f 2Sth Anyof^i, IU44\ 


Summary 

Tfilmcco-lcavus when flue-cured HuftVr a prt)^reR.sive loss in sviughl due 
mainly to loss of moisture. In the earlier stai'es the mi^i-rih los, s wcif^lit more 
rapidly than tiie blade, but later on the bJatie loses at t he ^ireater rate. 

It is apparent that curing of leaf is possible over a ranjj;*’ of leinpcral nres 
and a wide range of relative humidities in the kiln, particularly in th(‘ 

‘‘ colouring ’’ stage. Kate of loss of weight in this first st age is largely governeil 
by the teni|)erature and relative humidity of Itu' air in the kiln. 

During the curing process there occurs a loss of dry matter amounting to 
12 to 17 p(‘r cent, of that originally present. This loss is associatcfl with the 
“ colouring ” stage-- that is, during the first thirty-six to forty-eight hoins. 

Leaf picker! from diffruent parts of (he plant behaves in an essentially 
similar way, although the percentage of dry ntattrr is higluT in the fresh leaf 
from the to}) of the |»lant . 

iNTRODlKniON 

The curing of tolmcco to product* an artich* accept abic'to the smoking }>ul>!ic 
is a- highly specialized operation during which a numiter of chemical changes 
take place in thr* leaf. In sjhte (T the magnitude of the Hue-curing of 
toiuicco in the United States of Am(‘rica and other countrir's there does not 
a{)pear to he a great deal of information in the literature CDvering the 
scientific side of fine-curing. 

With the object of ol>scrving the changr‘s occurring during tin* fhn*- 
(Miring of tol)ac(‘o in New Zealand, a series of experiments to follow^ tin* cha nge.s 
in weight and in chemical comj)ositiori of the l<*af, were planned. To date 
eight curing trials over two seasons have* berm completed. In the jiresent 
jaijier the weight relationships of the leaf are descril)ed, the ehi‘mical data 
l)eing reserved for a later paper. 


ExI’EKIMKNTAI. 

Harrison’s Special vari(’ty was grown at th(* I’obacco Kcs(‘aich Station. 
Uniukuri, with the ready co-operation of Mr. R. Tliomson, the Director of 
tlKi Station, in tw<.) seasons, 1942-43 and 1943-44. In the former season 
thre(‘. trials were carried out, and in the latter season five trials wa*re com})letcd. 
The series of five trials covered all pickings of mature leaf from the plants 
except the first, and thus presents a ])icture of the Ix'liavioiir of the leaves 
on different parts of the })lant. 

The plants of the 1943 44 season were set in the field on 2r)th November, 
1943, 2 ft. apart in rows 3 ft, 6 in. wide, and received a 3 8 8 mixed fertilizer 
at the rate of 1,000 II). per acre, half being sown in the rows b(*fore ])lanting 
and the other half being given as a side dressing on Ibth Decern I >er, three 
weeks aft/er planting. In the 1942-43 season the plants received a similar 
fertilizer treatment. The spring months (September to November) of tin* 
1942 '43 season were drier than usual, but good rains fell in December. 
During the ripening period of the leaf Pebruary w’as very wet (6-27 in.), 
but March was very dry (0*15 in.). The 1943-44 season was not a very 
satisfactory one, being cold and wet in the spring, followed i>y a long dry 
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])eriod in early summer, during which irrigation of the plants was resorted 
to on 7th and 20t]i January, 1944. Later on very satisfactory falls of rain 
occurred, leading to excellent growth of the plants. During the harvesting 
season further frequent, sometimes heavy, falls of rain were recorded. 
Removal of the leaves begirnhng at the bottom of the plant, as they became 
ri])e, priniing,'’ was employed in harvesting, two or three leaves being 
j'emoveJ at a tim(‘. 

In 1942 43 the three experiments were commenced on 18th February, 
4th March, and 11th March, while the five trials of the 1913 14 season began 
on lOth and 24t:h February and on 7th, 17th, and 22nd March. The second 
season’s trials wen* carried out with material from successive |)ickings from 
th<* sariK* plot of [)lants. The method of carrying out the t*x|)eriments was 
as follows ; from a bin of liarvested leaves lots of leaf were “ tied ” on 
tw('lve -sticks,” thirly-two leitves to a stick tied in twos in the first season, 
iVnd forty-eight lea ves to a stick tied in threes in tin* second season. Weights 
of leaves on the sticks were re(*orded. These sticks wen* then [)laeed in a 
kiln and cured under ordinary conditions, a stick being n'liioved (*very six 
hours at some stages and later at twelve-hour- or twc'nty-four-hour intervals. 
A similar, sample of leaves was taken at the beginning of each trial for 
immediate drying in the laboratory t(» obtain the basic data of moisture 
content. On removal from the kiln the stick of Icax es was w(*ighed at onc(*, 
and later the leaves were removed from the sti(‘k and taken to tin* laboratory 
for ra|>id drying. They were then ground and their residual moisture content 
determined. From tlu'se data the amount of dry matter in tin* leaf could be 
calculated. Wet and dry bulb thermomet(‘rs w('re. ])la(*ed among the ex|)eri- 
mental lea ves and records of the thermometer readings w^ere made whenev(*r 
hjMves were removed from the kiln. In most eases tem|)eratures w'ere also 
recorded by a thermogra.j)h, the thermometers of which were located a}>f)roxi- 
niately in the centre of the kiln. Temp<*ratures and relative humidities 
corresponding to the times of removal of»the sam})les from the kiln are given 
in the tallies of data (see Appendix). 

A brief outline of the process of curing may be h(.*lpfiil in following the 
data in the taldes of this |)a[)er. In the first stage, “ colouring,” the leaf 
is held at 80-90'^ F. under high ndative humidity conditions with little 
ventilation of the kiln. The leaf is thus allowed to resj)ire under mild humid 
conditions, during which time the chlorophyll in the leaves is largely destroyed 
and the yell owing colouring matters, which w^re previously masked by the 
chlorophyll, become visible. Other cheniical changes also take place. This 
stage may take from thirty-six to forty-eight hours. Later the temperature 
is raised and the humidity reduced to ” fix” the colour, which should be 
a clear yellow^ Practically no further changes in colour iu>w take place, 
and the temperature is such that the vital processes active during the 
'' colouring ” stage are no longer operative. Later the temperature is still 
further increased and the humidity further reduced, wdth consequent rapid 
loss of weight of the leaf due to drying-out of the blade and raid rib. By 
the time the latter is sufiiciently dry the temperature will have been increased 
to, and maintained at for some hours, 160™17()° F. The relative humidity 
will be low^ These stages of curing are shown in a somewhat idealized form 
in Fig. 1, but it must be understood -that the lengths of time any one lot of 
leaf is maintained under a certain set of conditions will not necessarily be 
the same as given in the diagram. Operation of the kilns is a highly skilled 
occupation, the person in charge being required to vary the conditions 
according to his estimate of the manner in which the leaf is curing. No 
closely defined set of conditions can therefore be laid down which will lead 
to a satisfactory cure- of all types of leaf. 
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1942 43 Season 

As has already been stated, three exp(irinients were ninde in tliis season 
Of t)it?se, the first was with leaf taken just aljove the middle of the (ilant 
the average fresh weight being 39-4 g. and the dry weight 5-95 g. Teiii|)era 
tun‘ and relative humidity conditions were fairly constant at 85 S8 ’ F 

DRY BULB TEMPERATURE IN KILN T 


i 

? (5 




'o/ 


INHO H3d AUaiWnH 3AU>n3a 


LOSS IN WEIGHT PER CENT. 

and 84-92 per cent, respectively for the first thirty-six hours, with a small 
loss in weight of the leaf (approximately 20 per cent.). The final figure for 
loss in weight was 84*9 per cent., the temperature being 170° F. In the second 
trial the leaf was picked from higher up the plant, the average fresh weight 
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being 36*7 g, and the dry weight 6-36 g. It will be noted, therefore, that the 
latter leaves had a dry-matter content of 17*4 per cent., as against 14*8 per 
cent, for leaves of the former experiment ; this is a normal variation for 
leaves from diff(‘rent parts of a tobacco-plant. In this second experiment 
the dry-bulb temperatures were about the same as in the first experiment, 
but the r(‘lative hurnklity was lower during the colouring stage (70- 79 per 
cent.), with resultant greater loss iT» weight (29 per cent, after thirty-six 
hours). When curing was completed the over-all loss in weight was 79*5 per 
cent. 

These preliminary experiments thtirefore showed that rate of loss of 
weight might vary lK*tween different kilns of leaf with variation in the 
temperature and relative humidity conditions. 

1943-44 Season 

The 1943-44 series consisted of five trials in which sncc(?ssive harvests of 
leaves from the same })lot of plants were taken. In Table I a summary is 
given of the average fresh and dry weights and percentage of dry matter 
in the various lots of leaf. Twa) ‘‘ sand ” leaves had been remov(‘d before 
the experiments l)egan. 


Taiu.s f. — WKKorr of Lkavks ano Drv-matteii (’onte.vt 


Kxjxirime.nt, 

j Kre«h W- eight 


Dry Weight. 

1 Dry Matter 


j 

i " k- 

i 

K. 

\ Per Cent . 

A (lower leaves) 

.. : r»8-r» 


8*09 

! 1383 

B 

.. 1 «41 

1 

9-41 

{ 14 ’08 

( ’ 

.. 1 4r)-r> 


8-04 

! 1709 

I) 

.. 1 30 0 

1 

0-97 

i 19- 35 

E (top leaves) 

.. 1 28-9 

i 

r>-.^2 

1 lO'OO 


E.xperi]m‘nt B had tin* largest leaves. It is generally recognized that 
the best-quality leaves come from about fire second main {)ic.k on the |)lants. 
In [)assitig toward the top of tin* plants the leaves get smaller and more 
elongated and show higher dry-matter contents, and produce a lower grade 
of tobacco. 

Weather Conditions 

In Table II are given the maximum and minimum air temperatures at 
the Tobacco Kesearch Station for the days on wdiich the leaf was harvested 
and for the succeeding forty-eight hours covering the colouring }>eriod in the 
kiln (control of the kiln is affected to a considerable extent by the outside 
air temp(*ratures). Tern j)eratures for the first three experiments w’en* 
somewhat higher than for the last tw'o. In each case tln^ leaf was harvest4?d 
when the day of picking was fine and at least one previous day had also been 
fine. The leaf was never w'et with rain or dew when harvested. Rainfall 
was at times heavy, as is 'seen by the amounts registered for the periods 
between harvests. 

Table 11 


OutHkie Air Teiuiierutures. 


Exiajriment. 

Maximum. 

Minimum. 

Rainfall . 

Weather. 

A 

" F. 

73-70 

49-52 

. 

In. 

0-30* 

i Fine for two days. 

B 

70-80 

55-50 

4-24 

Fine for three days. 

C 

74-70 

52-53 

0-27 

Fine for four days. 

I) 

57-05 

39-51 

4-00 

Fine for two da3^s. 

E 

07-08 1 

1 43-44 

121 

Fine for two days. 


* Two days previous to picking. " 
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Temperature and Relative Humidity Conditions in the Kiln 

During the experiments records of wet and dry bull) teni])eratur(*s were 
taken when eacli sample of leaves was remov^ed from the kiln. These were 
used to calculate the relative humidity. Two of the three kilns used for the 
experiments were equip])ed with Cambridge recorders for wet and dry l)ulb 
temperaturi'S. Comparison of the individual readings giv(*ii in the tallies of 
the Appendix to this paper with those on the thermogra[)h charts shows that 
in most cases the samph^s were removed at periods wh(vn tin* tiMn|)erature 
had lieen constant for sonu* hours. It was only v(‘ry occasionally that the 
sain])ling time coincid(‘d with a [)erio<l during which the D niperature was 
being raised, in passing from th<‘ colouring to the fixing stage. 

An analysis of the temperatures and relative humidities recorded in tin* 
tables shows t hat in the fxilouring stage the t(*ni|)eratun‘s ^■aried in different 
ex])eriments over as much as a ID degree range (c.//., in <‘xperini(‘nt B the 
range was from S2 to 92" P.) : \n others tin* range* was smalh'r and the 
temjx'rat iires lower (c.//., experiment C. range 79 to 85 F.). 'Fheiv was 
also a large* variation in relative humidity, the‘ e‘xtremie* vabn’s re'ceireled 
being 08 and IDD pe'r cent, in seune eif the* experiments tin* redatiye* Innniditv 
was low, while in others a wieh* range* was eebserveel althe)Ugh it was high 
throughenit (c.//., expe^rirnemt 1), range 80 te) 100 jier cent.). The*se‘ ehita* 
the'refore show that no ceui.stant hgures can be con\e*iiit‘ntl v se*t for the 
conditions of cmring with the* present ele*sign and method of ojieTating a 
eemimercial-sizeal kiln ev(‘n under expert supervision. 

In the* second, or fixing, stage the range of temperature's has lH*en IVemi 
loo F. tei 110 F., with fairly constant minimum and maximum figure‘s. 
Relative humidity Ims varieMl considerably from one* e*xpe‘rijneiit to another 
at^ a stated temijMU’at ure ; for example, at 110' F. in exjie'iime'nts I) and E 
the res])e*(*tive‘ relative humielities were* 37 and 70 per ce‘nt. In the final 
stages at 130" F. to Mo F, the relative humidities have rangeal IVemi 21 to 
49 p(*r cent. 

In the drying- out stage the differences in tem|)e'ratiire‘s eif the* se\e‘ral 
ex|)(*riments are fairly small, all exjierinu'uts linishiug at JOO" F, Thei 
relatives humidity was in all cases 20 per cent, or less. 

Loss IN Wehjht of the Leaves 

The full data for loss of weight and derived data are* given in Table's A 
to E of the Ajipehdix. Figure 2 shows the loss of we'ight data in gra]>liiral 
form. From this diagram it is seen that, althougli the general sha jies of the 
curves an* the* same for each experiment, there are cemsiderable variations 
ill jiercentage loss of weight after a given period of time in the kiln. Irregu- 
larities in the curves, particularly within the first forty- eight hours, can be 
correlated with variations in the ti*rnperatures and r(*liitive humidities 
reported in the tables. Losses of weight are not large in the " colouring 
stage, but increase rapidly during “ fixing ” and in the first stagexs of drying 
out the blade and midrib. The low rate of loss towards the (*nd of curing 
is due. to the slow removal of the small amounts of water left mainly in the 
midrib. By the time curing was completed 82 to 85 per cent, of the original 
weight of the leaf had been lost. 

Moisture Content of Leaf at Different Stages of Curing 

From the data obtained the moisture content of the leaf at the different 
stages can be calculated. The most interesting stage is the “ colouring ’’ 
because here the leaf is still sufficiently moist and at a sufficiently low 
temperature to permit many vital processes to operate, although the leaves 
Lave been removed from the plant. Calculation shows, in confirmation of 
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the Htateinent of Ward(l), that in the colouring stage the moisture content 
is relatively constant, especially where the temperature and relative humidity 
have been held at nearly constant values. This constancy of moisture 
content is found even when appreciable losses of weight have occurred. 



8gR88§ gg 2o 

LOSS IN WEIGHT PER CENT. 


Once the later stages of curing have been entered the moisture content of the 
leaf <lecreases raj.)idly until by the time curing is completed little or no moisture 
may remain, particularly in the blade of the leaf, although the midrib may 
contain an appreciable percentage (see later section). 
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If the data for loss of weight during roloiiring are plotted as logarithms 
(to base 10) against time in hours straight-line gra|)hs are found, as was 
also ol>served by Vi(Jiery et al.(2) for air-cured leaf. This relationship seems 
to Ik» fairly g(*neral, because* putting the data of other work<‘rs into this form 
also leads to similar conclusions. The inte'rpretation of this relationship 
is that the loss of weight is pro])ortional to the moisture nmiaining in the 
leaf at any given tiim*. 

Loss OK Weight ok Midrih anj) Blade ok Leaves during Ci/imn(j 
A mutter of interest and of importance in curing is tlic possible difference 
in the raf(‘ of drying of the blad<‘ and midrib (»f the h'af. In 1913 (experiment 
111) an attem})! was made to ap)>orli(»n the losses of widglit and ot In-r ('hang(‘s 
in the leaf between tlic blad(‘ and the midrib, details of tin* exjKuhnent being 
rej)orted in Tal)le 111. After (‘ach sample was w(Mglu*d on removal from tin* 
kiln the midribs w'ere removed from the leaves, the blades and midribs then 
being dried s(‘parately in the laboratory to get their dry weights, l.ossc's 
of weight are sliown in Tabh* HI for the whole leaf, for the bhnles, and for 
the midribs, when it is seen that in the early stages of curing t he midribs 
lost weight at a faster rate than the blades. After sixty hours, however, 
the l)lad(NS lost a grcaiter percentage of tluni* weight than did the midribs, ■ 
and by the tinn* curing wais completed the blades and midribs had lost SD-O 
and 78*5 |)er ci‘iit. res})(*ctively of their (U'iginal weights. In Fig. 3, wiicro 
thes(‘ changes are shown in graphical form, the curve for the Avliole leaf li('s 
between those for the l)lade and midril) and nean'r to that of the former 
bi^causn the blade in this sam])le formed two-thirds of the original weight of 
the leaf. It is noteworthy, too, tliat at comfdetion of curing tin* blatie was 
a])par(*nt]y completely dry while the midribs still eontairu'd an a])])n‘cial)le 
))ercentag(‘ of moisture. 


Tahi.k mi. — I)at.\ kok (a kin(j E-Xckrimk-nt 111 siwirncn )1 th M-uu u, HUR 


Kart, (if l-eiif. i 

Mitirili 
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• Used for calculation of loss of dry matter. 



178 


The N.Z. J(nTKNAL of SciENfE and Technology 


(Dec. 



O 


CD 


I II il i 

o p o o d 

«> to --i- 10 cv) 

LOSS IN WEIGHT PER CENT. 


0 


O 


O 

fv 


lO 20 30 40 50 GO 70 80 90 lOO IIO ISO 130 

TIME IN HOUFIS 

Fig. 3. — Losses of weight of wliole leaf, blade, amt niulrib of tobacco-leaves iluriog flue-curing. 
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Loss OF Dry Matter of Leaves durino Cinuxo 
When the calculations of dry- matter content were being made in con- 
nection with the first s(‘ason’s experiments it was noticed that th(‘ro was 
apparently a considerahh' loss of dry matitu’ during the (‘uring operation. 
This loss has lieen confirmed in the second season’s trials. Table 4 shows the 
results of such calculations. The dry-matter content of tin* samples on 
entering th(‘ kiln is given in the second column, and in the third column 
the yield of dry matter in the cured leaf calculated on the fresh weight of the 
sam])lc is given. In the fourth column are given the average losses of dry 
matter as a pt'rc.entage of that originally pr<?sent for the })erio(l twenty-four 
to thirty-six hours in the kiln, and in the right-hand column 5 are given the 
average losses of dry matter from thirty-six hours to the end of curing. 

Tabi.t: IV. — Loss or Dry Mattf.k m RJx<; Fij-k-ci rino or 'roRA('co-f.KAr 


Exporitiieitl 


(ft 


A 

H 

C 
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Ilf bhides . . 
Ill mu I ribs 
ill whole lea)' 


* Ah pemjiUutce of <lrv matter present in tlie fre'.li leaf. + On a siiiitle (lelenjiiiiatioii, 
t Average exeliJ<ling one ver\' low tlgure. 
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1 nf Ory 
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I ' 

! F*(‘rio<| 'I'weniv- ' , . 

■ Imir 111 'I'hirfv- : 
i sis Honrs.' 


CO 

(4) 

(■>) 

Bei Out. 
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l-J-o 

\ 2-2 

I40t 

14-7 
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Miti 

17*7 


B • 2 

11*7 

IB -4 

170 

11-0 

I2'4 

JIM 

If) O 

10 (ij 

15:j 

22 • S 

20-0 

! 4-7t 1 

14-5 

i;lb 

12-0 

1 I2*0t 

I2tl 

l!M 

I7:{ 

■ oat 

|:L7 


The data of Table IV, columns 2 and 3, show that the weight of cured 
It'af to l>e expt'cted irom the original dry-matt(‘r penamtagi* is not r(*ah;^ed. 
This is jn'oltably due to loss of dry matter through resjiiration of the leavtss 
in the colouring stage. As indicated in column 4, the averagt* loss of dry 
matter over the period twenty-four to thirty-six hours, which covers the 
latt(‘r portion of th(‘. colouring stage, is not greatly diflerent from that given 
in colunm 5, which refers to the fixing and drying-out stages. In some cases 
there a|)pear to be inconsistencies to this .statement, but examination shows 
that in tliese sufficient points w(*re not available for calculation of a satis- 
fiictory average figuite If there is any increase in loss of dry matter after 
thirty-six hours, that increase would appear to be small. From the above 
data it ajipears that 12 to 17 per cent, of the dry matter in the leaves is lost 
during curing. There is no consistent tread to indicate that one type of 
leaf suffers a greater loss than another, 

Tlie data from experiment 111 indicate that there is no greah difference 
between loss from the blade and from the midrib. The difference shown 
in Table IV may easily be due to experimental error. 
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Discussion 

The aim of the tol)acco-gTo\ver is to product^ a lemon-coloured leaf of 
uniform colour ; this can only he done by constant attention to the kiln 
to ensure satisfictory tem})erature and humidity conditions within it. If 
the normal changes of curing are to take place, tlie leaf must be hold for a 
time in a sufliciently njoist condition and therefore the relative humidity 
must be high during th(‘ early stages(3). It would appear, however, from 
the data of the {present, series of exjierirnents tliat a w’ide range of relative 
humidities \^'ilI [>ermit curing. It is not |K)ssi1)le to say wlietlu^r a particular 
range of humidity is moi'o satisfactory than another for a particular type of 
leaf. A wide held of e-\])crimentation could be o}>em'd u}> to examine this 
question in detail. 

In the jiresent experiments it has not been ])ossibI(‘ to a|)porti(>n the 
over-all loss of weight between loss of water and loss of dry matter. It 
would seem desirable that further work sliould be done to determine th(* 
proportions ol‘ the total loss at each stage due to loss ol‘ water and loss of 
<lry matter. 

A matter of im})ortance in euring th(‘ leaf is to deciile when the midrib 
is sutlieiently dry, because' (*xcessi\'e moisture content will cause tlu' ciu’ed 
tobacco to become mouldy at a later date. From experinumt III it would 
eippear that the blade of the leaf may l)e ce)mpletely dry when the? midrib 
still contains an a|)precial>le pereamtage' e>f wate'r. Data from e>ther experi- 
ments re'ported in this paper indicate that in some eases the' h'af may be' 
completely dry at the end of curing (ex])e'rimeiit D), while in other eases 
appre)ximately 10 per cent. e)f moisture^ may be present. That moisture 
is still left iu the leaf, afte'i* the curing was consieh'red te> be e-omplete, was 
shown by two “ snap ” sanijdes taken at random from kilns just before the 
tires were allowed to go out at the (*onipletion of curing ; on the whole leaf 
basis moistuni contents of B’O ])ercent. and 8*0 ])er cent, were found. It 
was not possible in these cases to se})arate blade and midrib before deterniining 
the moisture content. The projxirtion of midril) to blade? nuiy govern the 
final moisture content on the whole leaf basis. Here again it would appear 
that further work is desirable to examine more closely tlu' Jiioisture status 
of the leaf during the final stages of the curing process. 
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1 52 i 

Teinperatiirc risioj^ 




i 1 





sIdwIw 

90 

i 98-9 

»il-(i 

' 11 9(5 ' 

18-8 ■ 

111 1 

101 

99 

T e m ] M * ra t iir< * s t ca t ly , 

84 

; 81-7 i 

.94-4 ! 

I 12-00 

18-2 ; 

149 ! 



108 

: 84-9 

12.7 1 

19-19 ! 

10-9 ! 

1 

!7(t ; 

94 1 

'7 

- 



! ; 


' I ’ 


J 

. .' 

... ^ 

- — 


Tahi.k (\>- 1 )ata fok ('('KiN(; Exfkrimknt (*, sTAUTKi) 7 tk iMAkrii, li>M 


Honrs 

ftt 

Kiln. 

T.OS.S in 
Wekht. 

Moist lire 
in 

.Sainpl<‘. 

Dry 

Matter. 

Ia»as <>r 
Dry 
Matter. 

Te.iuperature 
in Kiln. 

Dry I Wet 
Bulb, j Bulb. 

Itelativc 

iluinldity. 

HeinarKs. 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 


P. 

Per Cent. 


0 


82*9 

17*99 






9 

7*2 

82*2 

19-,72 

9-9 

85 

79-5 

99 

Tom pora ttire stca dy. 

12 

9*1 

83*1 

15-98 

19-0 

79 

74 

78 


18 

11-7 

82*7 

15-29 

19-9 

84 

79 

79 


24 

12*0 

81-5 

19-27 

8-0 

82 

78 

89 


30 

28*9 

77*9 

15-94 

9-9 

85 

77 

j 98 

i 

39 

28*9 

77*0 

19-00 

9-9 

82 

75 

1 

?• 

48 

99*9 

7.7-0 

15-89 

10*5 

109 

87 

I 99 

Tenij)(‘rature rising 
slowly. 

60 

52*4 

98-0 

15-22 

14-0 

115 

87 

,90 

Ditto. 

84 

76*5 

31*4 

19-19 

8-8 

152 

121 

40 

,, 

108 

89-1 

9*9 

i 

15-28 

j 13-9 

198 

i 



Tempera turo fluctu- 
ating. 
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'remporature 



Hoiirw 

Lobs in 

Moi*?turp 

in 

8rtnij)le. 

Dry 

Ji 088 of 
Dry 
Matter. 

In Kiln. 

Relative 

ReinarkB. 

Kiln. 


Matter. 

Dry 

Wet 

Humidity. 






Bulb. 

Bulb. 




1 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

“F. 

M'. 

Per Out. 


(1 


80-0 

19*35 






() 

20 




84 

83 

9i> 

Temperature rising. 

12 

0-4 




82 

82 

100 

TVm perattire .slowly 









fluctuating. 

IH 

4-9 

82-2 

10*90 

12*7 

85 

82 

87 

Ditto. 

24 

j 0 1 

81 -5 

17*41 

10*0 

85 

83 

91 


:io 

1 4-0 

82 0 

10-73 

13*5 

83 

80 

87 

,, 

:hi 

1 8-7 

80-8 

17*52 

9*5 

83 

80 

87 

Tern pera t u rc steady. 

48 

! 13-3 

80 0 

10*77 

13*0 

90 

85 

80 

Temperature rising 









slowly. 

(>0 

23-4 

78-1 

10*80 

13*2 

no 

87 

37 

Ditto. 

84 

114 

70 -() 

42 f ) 

17*25 

10*9 

135 

113 

.50 

Tern pern t u i*e s 1 o wly 
fluctuating. 

81*8 

- 1-2 

17*03 

12*0 

170 

■■ 


Tcm peraturf* .steady. 

Table E.-* 

Data for CimiNC! Experiment 

E , .started 22nd March, 1944 






Temperature 



HoUI’8 

ill 

Kiln. 

Losh in 

MoiHturc 

Dry 

Loss of 
Dry 
Matter. 

in Kiln. 

Relative 

Rciunrkg. 

Weight. 

Sample. 

Matter. 

Drv 

Wet 

Humidity. 






Bulb. 

Bulb. 




Per Cent. 

Per Cent. 

Per (^ent. 

Per Cent. 

•F. 

F. 

Per Cent. 


0 


80-9 

19*00 






t) 

4-5 

HO-r. 

18*37 

3*0 

80 

78 

91 


12 

120 

79 f ) 

17*95 

5*7 

80 

75 

78 


18 

15-9 

78*3 

J 8-28 

3*7 

84 

82 

91 


24 

22-2 

70-9 

18*75 

1*0 

85 

83 

91 


39 

27-3 

70 - 1 

17*35 

8*8 

87 

83 

84 


39 

20-7 

77-3 

10*08 

12*5 

85 

80 

79 


48 

30-7 

73 0 

10*71 

12*3 

87 

83 

84 


90 

00-3 

.^ 2-4 

10*03 

15*9 

110 

100 

70 


84 

82-9 

4-9 

10*29 

14*5 

100 

100 

13 


108 

84-0 

3-3 

15 .50 

18*7 

170 





XoTE. — No recorder chart available for this experiment. 


(To he continued) 
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THE EFFECTS OF STEAM AND SOIL DISIN- 
FECTANTS ON THE YIELD AND QUALITY OF 
NELSON TOMATOES UNDER OUTSIDE CULTURE 

By T. Rioo, E. B. Kidson,* and E, T. Chittenden, Cawthron Institute, 

Nelson, New Zealand 

\Mer.(irfMl for puhlir/flioo, 1 8th Soptpnifu'r, //V// | 


Summary 

TeHtH vvitli strain, formalin, and LlrHrhing-powdm* on a typical XrJson 
tomato soil inidrr outside conditions of eidture havt* been carried out. 

Steam and formalin treatment cffeided a great improvement in growth 
of tomato-])lantH ami r(‘sijlted in an iiierease of 25 per eont. in yield. Ste.rni 
treatnuMit and, to a less extent, formalin treatment resulted in a very inarki'd 
rediK'tion in the amount of" liard-eore.*' 

Under the eoiiditions of the experiment hleaehing jiuwder was detrinieiital 
to grou t li of plants and yield r)f tomatoes. 


8t;eam sttM-ilization of tomato- hou.se.s was introdueed into Nelson sometwimty 
years ago and has l)(‘coiue an establislied annual practice of many tomato- 
growers. Very beneficial results on yield and freedom from disease have 
accom|)anied the steam sterilization of tomato-houses. In a recent test in 
ji glasshouse of the Cawthron Institute the following yield results were 
obtained : — 


‘I’reHtment . 


! fomaioes 

per Plant. 


Steam sterilized . . . . j 8 lb. 3 oz. 

Not steamed . . . . ' 5 lb. 10 oz. 


This result is ftxirly typical of the benefit which has been obtained by 
the steam sterilization of Nelson glasshouses. The beneficial effects of steam 
sterilization may be ascribed to the destruction of nematodes (particularly 
eelworni), the elimination of soil-borne diseases which attack the root-system 
of tomato-plants, and the release of available plant food. The part played 
by these different factors in Nelson tomato -houses is not known with 
certainty, but it seems probable that all the above-mentioned factors play 
an important role. 

In view of the fact that many tomato-gardens in Nelson have been used 
for the culture of this crop for many years, it was thought possible that similar 
benefit might result from steam treatment or the use of soil disinfectants on 
garden soil under outside conditions of tomato culture. Accordingly, an 
experiment to test the value of steam treatment and the eflB.cacy of formalin 
and bleaching-powder was arranged on the grounds of the Cawthron Institute 
where tomatoes have been grown for many years. 


♦Officer of Department of Scientific and Industrial Research 8econfle<l to the 
Cawthron Institute. • 
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Experimental 

Fifteen j)lots, each of which accommodated thirty plants, wen* arranged 
on a typical ])ie(a' of tomato soil. Five plots were set aside as control plots ; 
three were steanuid to a depth t)f 14 in. using a steam grid at a pressure of 
100 1 1 >. to the square inch, four were treated with formalin at the rate of 
gallon of 4t) |)er cent, formalin per square yard, and three were treated with 
hleaching-powder at the rate of 3 oz. per square yard. 

Steam treatment was carried out on 1st October, 1943. The soil was 
rather too w(‘.t f(>r the best results with steaming. The formalin and 
l)leaching-[)owder were applied on Jlth October. The formalin was diluted 
with 2 gallons of water and was used in two applications, half on tin* lower 
spit of soil and half on the top 4 in., which was temporarily removed to 
ensure the efh<*ieiit treatment of the lower spit. In the case of the hleaching- 
powder the requisite* amount for the ])lot w'as weighed out and thoroughly 
raked into the soil", wdiich wnis then w^atered. After an inti'rv al trencht*s w^ere* 
drawn and a complete* manure containing the* rolle>wing fertilizers was 
applieel : su|)e‘r[)hosphate, oOOlb. ; sul|>hate e)f pe)tash, 200 11). ; aninionium 
sulphate, 90 lb. ; anel dried blood, 901b. ])e‘r acre. A mixture of nitrogenous 
fe‘rtiliz(*rs consisting of nitrate e)f soda 80 lb. and {irie*d blooel OO lb. jMvr acre 
was applieel as a te)p-dre\ssing on all plots during the third we‘e‘k in Dee’enihe*]*. 

Te)matoes of the .Pote'ntate* variety w^euv planteel on 21st October, 1V)43. 
Plants on the* ste*amed and control ple)ts were quick to establish aiul soe)n 
l)e*gan te) make satisfactory growt;h. The* |)lant:s on the formalin -tre*ated 
plots w'ere* adv(*rse‘ly a/Teeted for a time*, hut very quickly rece)ve*re(i and 
later made 8tre)ng, vigorous grow'th. 

The plants on the^ phds tre*ated wdth bleach ing~|)e)weler we‘re‘- very badly 
affected by the use of this chemical and showeel |)e)()r growt h anel yedlowing 
(){' leave's lejr se'veral W'eeks. Although later in the season iinprovcmeiit in 
grow'th occAirred, tin* plants e)n the l)le*.aching- powder ple>t were much poorer 
than the)s(> e)n the control ])lots. The*re can be little doubt that bette*!* results 
with l)leaching-j)e)wele‘r w'oulel ha\'e been eibtained if the interval betweem 
actual treatment of the ))lots and the planting of the tomatoes had bee*u 
greate*r. During the? growing sease)!! the plants e)n the ste*am-sterilizee] plots 
showt‘(I cl nmrkcd sLifwriority ovvr thost^ oii the control plott^ in re^iird to 
size oi plant anel freede)ni from elisease. The^ formalin-treated plants, 
although hackwarel in tlic early part of the sease)n, maeie excellent grow'‘th 
later on and com|)ared fa vourably wdtb the j)lants gre)wn on the .steame?d 
plots. The coiitrol plots gave very fair growth, l)ut were not so vigorous 
as those under steam or formalin treatment and were more susce*ptii)le* to 
disease. 

Yield of Tomatoes 

Harvesting e)f tomatoes commenceHl enirly in January, the fruit on the 
control and bleaching-powdcr plots being rather more forw^ard than that on 
the steamed and formalin -treated j)lots. By the end of January tin* control 
and steam plots had averaged 2*3 lb., bleaching-powdor 2*0 lb., and formalin 
1*9 lb. j)er |)lant. During February the plants under steam and ibrmalin 
tr(*atments did exceptionally well and easily surpassed the yield from the 
control plots. The plants on the bleaching-powder plots showed a rapid 
decline in yield, the crop being cxmsiderably smaller than that from the 
control plots. 

The results for the season, including green fruit left on the plants on 
24th March, are shown in the following Table I . 
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'Tahlk I. — Influence of Steam and Soil Disinfectants on Yiei.d of Tomatoes 


'.rresit input 

Founds per Plant. 

OdiitroJ (live pIotH) 

h-U: 


(Hi 

h i ; h-o — average. 

illeaehiiig'pnwder (three plol.^) ... 

4-3: 

4-2: 


-average, 4-7. 

Formalin (four plots) 

7-3 ; 

To : 

H-7 ; 

7*9 — average, 7*8. 

Steam (three plots) 

I H'l : 

7-3 ; 

8*1- 

-average, T-H’*'. 


* This ll«ruro is conflniMHl hy th« result (roiti an adjoiiilfm ex|><*riinent , w here three plots w ith similar 
treatment likewise an averajje yield of 7-8 lb. per nlant. 


In coiiiparison with the yi(4d from the control plots of 6-3 lb. per plant, 
all treatments showt'd signilicant dilTortmccs. The effect of the bleaehing- 
jxjwder was dt‘finitely detrimental, but the yields from tlie st(‘amed and 
forma iin~tieat(‘d jiiots showed an increase of nearly 25 per cent. 


QlOVLlTV OF ToMA'I'OES 

A common defect of outside tomatoes in Nelson is that known locally as 
‘‘ hard-core." This term is applied to a hard pithy eondititm of the fl(‘sli 

of the tomato more especially at the stalk end which fails to ripen and 

greatly rediiei's the value of the tomatoes for both culinary and canning 
purposes. 

One of‘ the inten'sting r(*sults emerging from the treatments was the 
liemdicial effect of both steam and formalin treatments on th(‘ incidenci* of 
this disorder. Tin*, following Table II shows the percentage of “ hard-core ’’ 
which occurred on the control, steamed, and formalin treated plots. 

Tahle 11.- -Inflc knce of Steam and Fchmalin Tkkatme.sts on iNiiiiKNeE of 

llAKtl (’ORE " 


Treat iinnil , 

i Healthy. 

1 Slight . 

{ (’(unmorml. 

iSteain (average three plots) 

.. i til -7 

i 28 • 0 

j 9-4 

Formalin (average lour plots) 

.. j ;w -2 

i 43*5 

2t)*3 

4 vontrol (average five plots) 


j 34*9 

j 48*2 


Tin* result;s show that steam treatment effected a reduction in commercial 
” hard-core ” from 48*2 per cent, in the controls to 9*4 p(*r cent, with steam 
treatment. 

The formalin treatment likewise <‘xerted a beneficial effect, which was 
more pronounced with the lower bunches of tomatoes than with those jheked 
later in the season. 

' Discussion 

The effect of steam and formalin treatments in bringing about an improve- 
ment in both yield and quality of tomatoes is an outstanding feature of 
this experiment. The results suggest that many Nelson outdoor tomato- 
gardens will show a corresponding, benefit from soil sterilization by these 
methods. Correlated with increase in growth of the plant above ground is 
ti better development of the root system in the steam and formalin -treated 
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plots. An examination carried out at the end of the season revealed that 
whereas the roots of plants which had received these two treatments showed 
an excellent system of both principal and fibre roots of good colour, with 
little damage from disease or eel worm attack, those of the control plots were 
poor in development and colour, with extensive decay of the root fibres. 
The bleaching'powuler plots resembled the controls in having a relatively 
poor root system, though in this case there were signs of injury which may 
have been chemical in origin. 

No explanation has so far been found for the action of steam sterilization 
and, to a less extent, formalin treatment in decreasing the amount of 
hard-core.” It seems probable that one or both of the following factors 
may operate in this direction : (a) an increase in the availability of plant 
foods may be brought about by the soil treatment, (b) the reduction effected 
by sterilization in nematodes and soil-borne diseases may induce the develop- 
ment of a better root-system and therefore a better intake of essential plant 
constituents. 

These questions will be considered in greater detail in a later paper in 
which the chemical analyses of leaves and fruit from the different plots will 
be presented. 
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SOIL DISINFECTION 

I. PRELIMINARY REPOR1' ON CONTROL OF EELWORM 

By H. Jacks, Plant Pathologist, Plant Diseases Division, Plant Research 
Bureau, Department of Scientific and Industrial Research 

[lieceived for publimtion, 22nd September, 1944] 


Summary 

1. C-re.sylic acid, naphthalene, formalin, calcium chlor- acetate, carbon 
disulphide, chloropicrin, T)-I), and silver proteinite were tested for efficacy as 
soil disinfectajits. 

2. Chloropicrin gave good control of nemaUxles, and formalin delayed their 
activity sufficiently to allow good plant growth. 

.3. (i^arbon disulphide gave poor control of nematodes ; 1)-I) and cresylic 
acid, although controlling eelworm, caust^d root injury and call for iiirther 
investigation. 


Introduotion 

Disinfection is important to the horticulturalist when it becomes necessary 
to destroy parasitic organisms in the soil. Steam is commonly employed 
as it is not only the most effectual agent known, but is of added value in 
that it kills weed-seeds and increases soil fertility. Equipment required is 
often too costly for owners of small glasshouses. Consequently an alternative^ 
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method is required that is both cheap and as effectual as steam. Various 
oheinical soil treatments have been re])orted for control of eelworm 
(Heterodera marioni (Cornu) Goodey). Several were tested, in the work 
described below, with a view to selecting the most promising for further 
intensive investigation. 

Chemical treatments for control of soil fungi form the vsubject of a later 
paper. Soil disinfectants, to be of practical value, should be equally effectual 
in combating both soil insects and fungi. 

E XPERl MENTAL MeTHO 1 ) 

Soil that had f)reviously grown plants lieavily inf(‘ste(i with eelworm 
was used. It was mixed with sand and compost before treatment, to give 
the equivalent of normal ])otting soil. I’reated soil was j>la('(‘d in glasshouse 
boxes (18 in. by 12 in. by 5 in.) and tomato- j dan ts were grown as indicators 
of eelworm infestation. Records w(‘re taken of germination. A'igour f>f 
growth, and diigrcH* of root infestation, and each test was carried out in 
duplicate or triplicate. 

Formalin (40 p(^r cent, formaldehyde) was diluted with watm* and applied 
at the rate of i gallon per box. The soil was tlien left for at least fonrte(*n 
days l)efore [)lanting. 

Cresyli(‘ acid, crude commercial grade, was mixed with water and af>|.)li(‘d 
at the rate of J gallon per box. A period of twtmty-one days was allow(*d 
before planting. 

Crude na|)hthalen(‘, an unn'tined product containing TO per cent, iiaph- 
thahuK', 0*5 per cent, oils, and 1*1 per cent, phenolic bodies, was worked 
directly into the soil a[)proximately fourteen days l>efore planting. 

Carbon disulphide, commercially }>ure, was injected by imuins of a burc^tte 
into dibbled holes. Box(‘s were cov(*red with wet sacks and the joints were 
.sealed with tarred pa})eT. 

Calcium chlor-acetate (suppli(‘d by lnip(‘rial Chemical Industries, 
Australia, Ltd.), commercial grade, was worked directly into tin' soil. 

Chloropicrin (supplied by Innis, 8peiden, and Co., New York), com- 
mercially pure, was injected with a burette in holes 5 in. to 0 in. deep. The 
soil was held in metal containers or in boxes w^hich w^ere sealed with tarred 
paper. The treated soil was exposed after forty-eight to seventy-two hours’ 
fumigation and left for approximately fourteen days before planting. 

D-D (supplied by Shell Chemical Co., California), a by-product of 
petroleum, containing 96 jier cent, of diGhloropro):)ane and dicli loro propylene 
in equal parts in a 4 })eT cent, oil emulsiffer, was first reported as a soil dis- 
infectant by Carter (1943). It was applied in a similar manner to chloropicrin. 

A solution of silver proteinite, first recommended by Hovy (1939), was 
applied in water to the test boxes. 

In addition to treatment of soil in boxes, trials were carried out in a 
.small glasshouse containing eelwomi-infested soil. The available area was 
divided into plots of 12 square feet each, which w'ere boarded to a depth of 
10 in. Methods of treatment were essentially the same as those given 
Above except that injections of chloropicrin and carbon disulphide were 
^spaced at 1 ft. intervals. No provision was made for covering the soil, hut 
the surface was sealed with water to a depth of approximately 1 in. 
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Experiments with Soil in Boxes 

T.\]u.e l. —Siiowixd Peiwjentagk Germination and iNFECvnoN ok Tomato Sekdi/inoj?^ 
IN VARIOUS Soil Treatments 


Treatment. 

\ 

i Diwage i)er Uox. 

Mean 

Percentage 

Mean 

Percentage 

— 

1 

1 ' 

(leriiiination 

Infection.* 

i 

ExiH‘r})neiii 1 

( 'heck 

! 

bOO 

Ob 

•7 

(,-rt*svtie acid . , 

;><) ml. in 2,273 ml. water 

43-0 

bl 

•0 

Naphthalene 

15-7 g. 

53 0 

Oh 

-0 

Koinialin 

4b ml. in 2.273 ml. water 

80-5 

08 

■b 

( ■aleinrn ehlor-acetate 

3 ' 0 g. 

7b -5 

Oh 

•b 

( ■arhon clisidphnlc ^ . 

21 ml. 

57 0 

100 

*0 

Ejperimeut ii 

(^iieek 


■ 

84-5 

100 

•0 

Chloropicriri (treaterl in boxes) 

4*0 rnl. 

03 '0 

15 

• b 

(’hjoropierin (treated in tins) 

4*(> nd. 

01 0 

0 

-0 

Chloropierin (treated in drams) 

4 -0 ml. 

04-5 

4 

•b 

Experiwiitit 

Cheek 


Sb-5 

100 

'0 

Steam sterilized .soil . . 


80-0 

0 

•0 

Chloropierin 

3-lr ml. 

Ob-0 

17 

•8 


b'b ml. 

80-0 

4 

•5 

ExperunrHf 1 

Cheek 


50-0 

Medium. 

Sc, \ ere . 

'lod-iK 

(■aleium ehlor-acetate. . 

• 3 o g. 

72-5 

82-7 

17-3 


7 'd g. 

85 ' 0 

80 -b 

19*4 

,, . . . . i 

I40g. 

bo-O 

81-4 

18 -b 


28 -Og. 

25-0 

J(M»-0 

0-0 

Carbon disulphide . . ' * * | 

4 - 0 ml. 

70-0 

100-0 

0-0 

8*0 ml. 1 

55*0 

13-5 

sb-r> 


; lb-0 ml. 1 

57-5 

78-3 

21-7 


32-0 ml. 

72-5 

j 100-0 

0-0 

E.rperhneni o 

Cheek 


IH'rceiitage 

Survival. 

70-5 

‘ 0-0 

100-0 

Formalin 

j 4b ml. in 2,273 ml. water 

05- 5 

54-5 

41-5 

d-d" 

i 20 ml. in 2,273 ml. water 

100 0 

17-5 

82-5 

1 2-Onil. 

94-5 

0-0 

0-0 

14 • « • • 

4 0 ml. 

95-0 

0-0 

0-0 


8-0 ml. 

05 -0 

0-0 

0-0 

Chloropierin . . . . ! 

2*0 ml. 

100-0 

73 -b 

4*4 


i 4-0 ml. 

9b -5 

1 

53-2 

4*3 

Kxperimml 0 





Check 


07-5 

07 

■0 

ChloropitTin 

4 • 0 ml. 

100-0 

7*5 

99 • • ♦ • 

8-0 ml. 

1(K)0 

12 -b 

Silver protein it e 

0-18 g. in 500 ml. water 

100-0 

100-0 

,, 

0-36 g. in 5<X) ml. water 

05-0 

95 

•0 


0'72 g. in 500 ml. water 

07-0 

95 

•0 

ff 

0* 144 g. in 500 ml. water 

95-0 

94 



-5 


* MfjRii i>«ri;cntage infection of growing plants. In experiments 4 and 5 plants were graded Into 
medium and severe, according to degree of gall develoj>inent. 

t Boxes were covered with tarred paper, tins sealed gastight, and drums covered with paj>er but not- 
seaM. , 
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Cresylic acid, naphthalene, and calcium chlor-ao(itate at high dosages 
caused injury at germination and stunting of plant-growth. Carbon 
disulphide and silver protoinite gave poor control of eelworni (‘ven at high 
dosages. Formalin did not prevent infection, but caused a delay in the 
attack of eelworm, which led to improved develo])ment of plants. D-D gave 
a high degree of control, but caused a marked reduction in the rate of plant- 
growth. Chloropicrin gave good control of nematodes and improved the 
vigour of plants. 

Experiments with Glasshouse Soil 


Taulu If. — SifovviNa 1*kucknta(je 1nfk<’ti(>n of To wato- plants (jkown in vaujous 
Treatments of Glasshouse Soil 


'J’rtirttnient. 

OoKtti^c per Plot. 

PerceutaKc iuiectiou . 

E^rperiimnl 7 




(Uiock 


lOOO 

Naphthalene 

m g. 

100 *0 

(^ileium olilor-aeetate 

28 g. 

100-0 

Formalin 

hl.'l ml. in 6 gal. 5 pi. water 

100 

•0 

Cresvlie H<ud 

726 ml. in r> cal. j pt. water 

14 

•3 

Carbon disnlphidt' 

20 ml. 

100-0 

Kirperi merit H 

I i 

j 

Slight. 

Heavy. 

j ! 



(■heck 

! 

22-0 

78 ■ 0 

(1doro])icrin 

! 24 nd. 

31 0 

(»-0 

Experiment U 

j i 



Cheek 


0-0 

100-0 

Chloropicrin 

j 24 ml. : 

100-0 

0-0. 


Cresylic acid gave control of (»elworm, l)ut caused severe damage to 
seedling [)lants and reduced vigour of growth. Chloropicrin reduced the 
degree of eelworm infestation. Plants grown during winter months 
(experiment 8) showed vigorous growth in treated plots, weight of green- 
to})s l)eiug four times that of the cheeks. Plants grown during summer 
months (experiment 9) showed severe eelworm infestation in check plots, 
but there was no reduction in rate of growth. 

Conclusion 

Of the treatments investigated, chloropicrin, D-D, and formalin appear 
worthy of further investigation. Silver proteiiiite, calcium chlor-acetate, 
and naphthalene did not give effective control of nematodes. 

Carbon disulphide requires further testing, but is unlikely to be of practical 
value. Before rejecting cresylic acid further investigation in relation to 
plant damage is necessary. 


References 

Caktkh, W. (1943) : A Promifting New Soil Amendment and Disinfectant. Science^ 97, 
383-4. 

Ho\nr, J. W. H. (1939) ; Oligodynamic Control of Eelworm {Heterodera marioni). 
Nature, 144, 672. 

11-dSoifiiioe. 



190 


The N.Z. Journal of Science and Technology 


[Djso. 


RECORD OF AN AUSTRALIAN FLY {METOPONIA 
RUBRICEPS, MACQUART) FOUND IN PASTURES 
IN OPOTIKI 

By J. Mugoeridge, Entomology Division, Plant Research Bureau, 
De})artment of Scientific and Industrial Research 

[deceived for puhUcMtion, 21st Av^usly J914\ 

Mil. J. R. Murray, Instructor in Agricultures found from discussions witli 
farmers, and from his own observations in the Oj>otiki district, to use his 
own words, “ that it was becoming increasingly dilhcult to keep even the 
best of the rye-grass strains for more than the second season.'’ Followed 
a close examination of the pastures, with tin' result an Insect in the larval 
stage was found to be ver\' })revalent in the ground about the roots of grasses, 
and this insect, it was thought, was the cause of the ])asture deterioration. 


Figs. 1 and 2. — Male and female respectively of M, ruhrkeps. After Farrell (modified). 

X4 (approx,). 



Specimens of the larva? w(*re sent to the Division for identification. The 
larva? were reared to the adult stage and identified by Dr. D. Miller as 
Metoponia ruhricppfi, Macq. It is regarded as an Australian species, and 
identification was subsequently confirmed liy Australian authorities. 
M, ruhneeps belongs to the family Stratiomyiid«e and sub-family Beridina?, 
Hardy(l), in his key to genera Australian Beridina), points out that in the 
genus Metoponia Macquart the scutellum is without spines and the wings 
have three posterior veins ; and the species rubriceps has the first joint 
of the antennie conspicuously longer than the second ; a black, brown, or 
reddish species, and the female with a reddish head.’' The length of the 
male fly is 5-6 mm., and the female 6-10 mm. (Figs. 1 and 2 respectively). 
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The hir\'a (Fig. 3), which is a|)])roxirnatcly lOinin. hi length when fall 
growni, is a \T‘rv soiled whitish colour, or perliaps soil coloured, tliough it 
does not blend coniplebdy with its (*nvironni(Mit. ]rwin-Sniith(2), who has 
made d(‘tailed niorpliological studies of difTerent stag(‘s of this insert , ])oints 
out that the young larval stage is dorso-ventrally flattened : she stated : 
" In transverse S(‘Ction the segments have th(‘ shaia* of a fii-convex lens, 
with the lateral (‘dges expanded into tumid ridgf*s, marked off from the main 
bod}', on both surfaces, by a shallow gro(»ve." Tin* same author points 
out that tin* larva obtains its food liy sucking th(‘ juices from tin* roots of 
grasses. The mouth parts are said to featun* very well the jiarallel jaws, 
whi<’h work upw'anls, outwards, and downwards, features i*ha rad (‘rising a 
group oF fly larva*, including the Stratiomyiida*. 



The life-history i« imperfectly understood, and Irwin-iSmith (/.c.) stales 
it is already clear that, although twm l»roods of Hies afipeai- annually, 
the larval period requires more than six months for its completion, amhvery 
probable that it requires considerably longer than twelve months.” 

The wuite.r visited the locality at OiK>tiki where M, ruhriceps was })revaleiit 
and found from a brief examination that, wherever the pasture w^as stwioush' 
depleted, large numbers of the above insects could geiieralh’ be found. 
Upon close investigation it w^as common to find them in great numbers about 
the roots of grass within 2 in. or 3 in. of the ground surface. They wT?re 
found not only alK)ut the roots of rye-grass, but also about the roots of maize 
and lupin. Irwdn-Smith (/.c.) in Australia found fully grow^n larva* wedged 
12— Science. 
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in between rhizomes of paspalum grass. The farmers of the district have 
pointed out that attacks on maize are usually serious in the first year's 
planting, but are much reduced in the second year — r.c., after ploughing 
from lea and planting maize the results are very poor, but if the same 
paddock is planted again the following year a good crop can usually be 
relied u|)on. They point out also that paddocks sown in rye are apparently 
not seriously affected at first, but, later on — that is, in a year or two — they 
are sei'iously attacked, with the result that the pasture becomes completely 
ruined. 
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LONGEVITY OF DIAMOND-BACK MOTH {PLUTELLA 
MACULIPENNIS) ADULTS IN RELATION TO 
NUTRITION 

By B. B. Given, Entomology Division, Plant Research Bureau, Nelson 
\Iiecf>.ived for pxibUcathn, 25th ./«/?/, 1944] 

Intuoduc^tion 

The following experiments were conducted during an investigation of the 
overwintering of diamond-back moth in New Zealand. It was decided that 
the relative merits of two different feeding solutions should l)e tested at the 
same time, as a guide to feeding technique for laboratory breeding. The 
usual feeding solution used in Nelson for parasite and host colonies lias 
for several years been a mixture of honey and pollen eoml) (“ bee bread '’) 
mashed in water and filtered. This solution has been found excellent for 
use in breeding llymenoptera, and has produced a high jierceiitage of female 
progeny in all species handled. Its effect on longevity and fertility of 
lepidopterous host material was determined in eomparison with the effects 
of heeding on honey ini the following experiments. 

Technique 

Moths were confined in glass tubes 6 in. long and in. in diameter 
(Fig. 1). Each tube was closed at one end with muslin, and at the other 
en<l with a cork through which projected a glass tub(^ containing the nutrient 
solution. These feeding-tubes were sealed at the outer end, and closed at 
the inner end with absorbent cotton- wool. Each tube contained 20 freshly- 
emerged moths, And feeding solutions whe¥e moths were fed continuously 
were renewed every second day. 

Longevity Experiments 

These experiments were conducted in an insectary with free circulation 
of air through gauze sides and without heating-appliances. Experiments 
commenced on 2nd July, 1938, and terminated oh 20th October, 1938. 
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TN RELATION TO NUTRITION 

The terajieratiire .mnged from a maxinmin of 77" F. to a minimum of 27" F., 
with M mean of 49" F., which is from 1" F, to 2" F. al)ove the normal outside 
mean for the. same period. 

The following treatments wen‘ us(‘d : 

A. Fed one day — 

(a) lioney solution. 

{})) Honey and pollen .solution. 

(c) Water. 

B. Fed continuously — 

(a), (h), (c), as above. 

C. Controls — 

No food. 

Four eomjilete sets of the above treatments were set up. in each set 
all treatments were commenced simultaneously and the four s(*ts ov(*rlap].)ed. 
Kesidts were combinerl to produce the graph (Fig. 2). This means that 
■SO moths were treated under each of the al>o\’e feeding conditions, or a 
total of ofiO moths was handled in all. In analysis of figures, results for 
males and females were at first considered se|)arately, l>ut as no difierence 
in mortality-rat(' could be di'tected they were finally considered tog(‘ther. 



Fig 1. — Tube used in feeding experiments. 


The difference in results requires uo comment. Continuous feeding on 
honey solution is obviously the most satisfactory, while continuous feeding 
on lioiiey and |K.)llen is also fairly good. However, this graph does not take 
into account the ovi[)Osition rate or the idfoct on fertility of rlie dilTerent 
solutions. 

Effect of Food on Fertilization and Ovifosition 

Two tubes were set u}) as in the }*revious s(‘t of experiuieuts, and th(‘ 
moths in one wcvre fed continuously ou honey and ])olleii, ami in the othei on 
honey solution. Each tulie contained ID male and If) female moth.s. 

Tubes were placed in a heated glasshouse, sliaded from any dire(*t heat, 
at a miuimum teiD})erature of 63' F. The maximum temp(*rature was in 
the vi(dnity of 90" F. Feeding solutions were changed et ery second day, 
and egg and larval counts ta.ken twice per week. 


T.\hlk I. — Ovieo.siTioN xxd Fertility ov Pin tele a 


J’oo(Ung Solution. 

Total Kpgrt. 

Total J la toll. 

! Approxiniiit'* 
i riTct'iitngi* Hatrh 

IDaitw . . . . . . 

lai 

02 

! 70-3 

Honey and pollen . . . . 

1 10 1 

DM 

! ST Mi 




The above table indicates that the fertility of females where both sexes 
are fed on honey and pollen is higher than wdien fed on hoiiejs How’ever, 
this is only an indication, and in both cases the fertility is high. 

. 12 * ■ ■ . 
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Conclusion 

The above experiments clearly indicate the ability of Phitella adults to 
survh^e j)rolonged periods of adverse conditions. The necessity for an 
adequate? siip})ly of suitable food is appanuit, and food stored in the body as 
a result of feeding for a short period a])p(>ars to be negligible, since feeding 
for one day j>rolongs life only very slightly more than when not fed at all. 
Fertility appears to Ixi fairly Ingh Vith eitlier of tlie foods eoni])ared. 
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1944] Given.— The Kelative P’ooi>-(.'ONSEMmoN of Diamond- 
back Moth ani> White Butterfly Lahv/E 

THE RELATIVE FOOD-CONSUMPTION OF DIAMOND- 
BACK MOTH AND WHITE BUTTERFLY LARV^; 

By B. B. Given, Entomology Division, riant Rc^search^ Bureau, Nelson 
\H(>cvjvcd for puhlicalom, 26lh July. 1U4’1\ 

Summary 

Tilt? N’olmno of calibage-leaf by larva* of Pier is and Pluidla, luis 

been measured and compared as both a daily an<l total quantity, and tiie 
\oloeity of food-intakes graphed eomparativ(*iy for the tw’o insects. It lias 
iieen pointed out tliat the true relativi'-daniaui* index of (*(|ual populations, will 
he in the ratio of the daily food-intake over the entire life-eyele from ovijiosition 
to oviposition of the progeny, ami this index lias been \vorkefl out. 

In order to comiiart* j)o|)ulations of white luntorfly {Pieris rapac) and 
dianiond-fuick moth (PlnfelJa wacfdipet/His) in relation to damage, it is 
iinportant to kno\N' llie r(‘lativ(‘ amount of food consumed by larva; of each 
species, and also ihe diflerenee's in the duration of the fiMuling period and 
the jiroportion of the entire life-cycle during whicii active feeding takes 
jilace. In the following a.(‘eonnt, this comparison is made. 


Techniqite 

Individual larv<e were caged over portiojis of «‘abhage-leaf on potted 
])lants in a tliernKistatically-iauitroIIed insectary. The tA'p(? of cell used is 



illustrated in Fig. 1. It is in the form of a wir(‘ eliji to which is attached 
a wire gauze chamber a|)]n-oxiinately 1 in. in diani(*ter. These cells wcri' 
moved to fresh jiortions of leaf each day, and the areas of leal* eateai were 
measured under a celluloid slide divided into 0-(K)25 .square ceutimetre 
divisions. The volume of leaf eaten was calculated iTom areas measured, 
and leaf tlmikness, measured daily on fi’esh scK'tioiis, under a calibrated 
eye-|)iece micrometer. Twelve larv^fu of each sjiecies were used, but, of 
these, only six of Pieris and ten of PliUeUa survived. 

Results 

The following table gives the figures resultant on the writer’s ex- 
periments : — 


Table 1.-- Relative Food Intake of Pli;tei>la and Ptkuis Larvje 


Species. 

Number of 

Mean 

Mean Volume j 
of Leaf, in i 

lAibie Centimeters. 

Mean Length of 

Lftrvir. 

TeHi))oroturi*. i 

Feeding Peiiu;i. 

Pieris rajMie 

b 

'C. 

22 

i(t-7l44-;:;00151 

ur> 

Plutella mamlipennis 

10 

22 

!(>0556i;0*00245j 10-5 
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The mean length of feeding period should be approximately the same 
as the length of larval life as determined at constant temperatures, and in 
this respect we may use the results of various authors as a check. 
Muggeridge (1942) has worked out the thermal constant and threshold of 
developiTient for Pieris rapae. in New Zealand, and froiii his figures, using 
the formula (T — K)[.) ^ C, wher<i T - temperature ‘^C., K thresliold 
of development, D duration in days, and C = thermal constant, the 
theoretical duration of the larval stage at 22"^ C. is 13*6 days, which is in 
close agreement with the author’s result (14*5 days). 

From the figures obtained by Hardy (1939), Wellmer (1937), and Kanervo 
(1936), the duration of the larval life of Plutella macuUpennis at 22^ C. 
should be about 10 days, which is also in close agreement with the observed 



Fig. 2. — Grapli illiiBtrating relative food -consumption and length of larval life of Plerifi 
and Flulella larva*, at 22'^ C. 


results of the writer (10-5 days). The above comparison of results is of 
interest as a check by actual observation on results obtained partially by 
calculation. 

Figure 2 illustrates gra|)hically the relative food-consumption of Pieru 
and Plutella larvae and also the relative duration of time of feeding. It 
will be noted that during an equal period of time, from emergence to the 
end of feeding- time for Plutella y the ratio of food-consumption of Piens to 
PluteUa is approximately 2*4 : 1, whereas to the end of feeding of each it 
is approximately 14*5 : 1. 
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back Moth and White Butterfly Larvje 

Id considering the relationship between po|)ulations of the two insects, 
however, we must consider the entire period froni oviposition to maximum 
oviposition of resulting adult progeny. In th(‘ })reseiit discussion it is 
assumed that tlie total amount of food consumed by each species is constant, 
irrespective of temperature, at least within reasonable limits. Insulficient 
information is available regarding the pre-ovi position period of the two 
species, but it seems probable that in both cases this ]>eriod at favourable 
tem]>eratiires will be in the vicinity of 4 or o days after emergence. In any 
case, the period ]>rior to maximum oviposition under favoiiral)h' conditions 
is not protracted, as is the case wdth so man\‘ ins<‘cts. For the (uirpose of 
tliis article we will assume this ])eriod to b(‘ 4 days in the case of each 
insect at 20"^ (\ 

Then froin the figures of Muggeridge (1942) for Pieris, and Flardy (1939), 
Wellnnu* (1937), and Kanervo (193()), for Plvtella, we can illustrate apj>roxi- 
Tnat(‘ life-cvcles as in Fig. 3. It will l>e seen that at 20 C., although the 


PLUTECUA 


d}- 

AL 


PICJ\IS 


I 


» 


fO 


fS Jio 

DAV3 




30 


3X 


Fig. 3.- 


-Duration of single generation of Pierifs and Plufdla at 20 C. The solid line 
represents the lar\ al stage. 


entire cycle occupies 26*5 da.ss for PlnieUa and 30 days for Pieris, the 
feeding (larval) periods are only 11 and 15*5 days respectively. Thus, th'e 
actual food-consuriij)tion ])er day of a complete g(Mieration of one specimen 
of each species would be a])proximately 0'{K)21 cubic centimetres fur 
PhMJa and 0*0198 cubic centimetres for Pinri-s. Under normal conditions, 
then, the true relative-damage index for a single generation succession 
would be — 

Pieriff _ 198 _ ^ i i 
21 “■ ' 
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NOTES ON THE PHYSICAL ECOLOGY OF 
DIADROMUS (THYRAEELLA) COLLARIS, GRAY. 

By B. B. Given, Entomology Divisiom Plant Research Bureau, Nelson 

' \Mcccired for jniblication, 2M July, IU44] 


Introduction 

Diadromus collaris was iiitroduceil into New Zealand as a pupal parasite 
of the diamond-back moth (PkUellu macnlipennis). The material was 
consigned in the larval or [)U]>al stages in host pupa>, and during transit was 
stored in vegetable cool chambers on board ship at a temperature of approxi- 
inatoly 45"^ F. Of inaterial sent, oidy about 1 per cent, survived. This low 
survival led to basic ex|)(‘rimental work being conducted regarding tempera- 
ture reactions of th(^ insect, with a vi<*w to improvement in methods of 
transport. Later this work was extended to give some indication of the 
reactions of the. insect to its climatic environment. The })resent paper 
deals with th(‘ more fundanKUital aspects of these experiinents. 

TEMPERATimE REACTIONS 

From th(i (‘xcecHiingly high mortality-rate in consignments, it was assumed 
that exj)Osure to low tcmiperatun'S would prove to l)e a ])rimary ih.ctor in 
limiting the climatic range of th(5 insect in N(*w Ztuiland. Conse(|uently, 
parasitized material was placed in cool store at constant temj>eratures and 
mortality -rate noted. 

In the first experiment, six tubes, each bin. by IJin., covered at each 
(md with muslin, and each containing twenty ])arasitiz(‘(l pupas, were placed 
in cool store at 4*5° C. Two tubes were removed each fortnight, placed in 
an incubator at 18° C., and emergence recorded. Results w(‘re as follows : — 


Table I. — Cold-hardiness of Pre- adult Diadromus collaris 


Xutie No. 

Number of 
Parasitized 
Pu]«e 

Days at 4*5'^ C. 

Parasites 

oincrginu. 

Percentage 

Mortality. 

1 

20 

14 

5 

76-] 

2 

20 

14 

15 

2.5 1..50 

3 . . . . 

20 

28 

1 


4 

20 

28 

3 

C) . . . . 

20 

42 

0 

!!£)>'* 

() 

20 

42 

0 


A further set of six tubiis each containing twenty parasitized pupae was 
f)laced in cool store at 7-2° 0. and left for emergence. No material emerged, 
and after sixty days all material was dissected and found to be dead. 

The above results, then, indicatf'd a high zero of development and a low 
resistance to prolonged cold in the pre-adult stages. The fact that all 
material dissected was in the pre-pupal stage indicatt^s this stage as being 
the (’ritical one. Following on these exfieriments, trial packages of adult 
insects were made up and tested for mortality under postal conditions. A 
series of six tubes, each containing one hundred parasites, was prepared and 
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wmpped afs for postag(‘. liach tube was bin. by 1| in., covc^red at (*acli 
Fiid with Hiuslm, and with a pad of cotton-wool dip})cd in lioiif‘y solution 
pinned to one iniislin cover. Four tulu'.s were jjlaced in the lal)oratory 
exposed to normal fluctuations of tenifx^rature, while the nMnaininu’ two 
wen^ jilaced in cool store at 7-2 ’ C. After a period of three days the con- 
ditioji of all material was very good, the highest mortality-rate being in the 
tubes in cool st(n*e (20 per cent., approximately). However, after forty-two 
rlays the mortality of this malerial in cool store had rismi only to bt) [x'r 
cent., all survivors b(iing females. 

From this exjHnarmmt it was <letermim'd that tin' transport j)roblem could 
be countered by s(*nding adult instead of jne-arlult stages. 



Fra. I. — Denzel opinental hyperbola and veluLMty of development curve for Diadroutm 
collarh from oviposition fo^ (‘mergence at 70 per eent. K.H. 


Following on the above results, the velocity of develojnnent eiirve for 
pre-a,diilt stages in relation to temf)erature was worked out. lliimidity was 
kept constant at 70 per cent. R.H. by suspending material in tulres opt'U 
at each end, over sulphuric acid of 8.G. 1-250, in, pouml screw-top pres^'rviug- 
jars. Temperatures from 18'' 0. to 48'" C. were inaintained with a range 
of £ ill electrically-heated incubators, and lower temp(‘ratures were 
controlled in a cool store with a range of approximately -t O-C)'' C. All 
fundamental data recorded are in the following talile. Ikirasitized pupjx) 
were placed in humidity jars within thirty minutes of oviposition. 


PER CEWT DEVELOPMENT PER DAY 
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Table II.—Pre-adttlt Development Pbeiod 


Mean Temperature. 

Number of 
Insects used. 

Number of 
Insects maturing. 

Mean Develop- 
mental Period, 

In Days. 

Percentages 

Mortality. 

“C. 

4-5 

f)0 

0 


100 

11 

102 

28 

59 15 

72-5 

18 

94 

23 

19*8 

25 

24 

128 

29 

11*7 

15*2 

29'i5 

122 

110 

9*3 

4 

32-9 

70 

0 


100 

35 

100 

0 


100 

48 

40 

0 

1 


100 


From tho above results the velocity of development curve (percentage 
developinent per day) has been constructed (Fig. 1), the straight line being 
fitted to the data by the method of least squares. The nf>per limit must 



Fia. 2. — ^^Percentage survival curve at constant temperatures and 70 per cent. R.H. 
for Diadromus collaria pre-adult stages. 


be approximately 30'" C., but is remarkably, close tothe approximate optimum 
at 29*5 according to mortality figures. 

The remarkable rise in mortality (Fig. 2) above 29*5 was checked by use 
of various humidities, but in all cases results were the same. 

The calculated zero of development and thermal constant are as follows : — 
Zero of development ~ 7*fr C. ' 

Thermal constant . ~ 2(X)*1 day degrees. 

The above figure for the thermal constant camiot be used as a basis 
for calculating possible numl>er of generations at any locality, as it does not 
take into account the adult period prior to maximum oviposition when mating, 
and, in the case of females, feeding on host pupse, is in progress (Bodenheimer, 
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USED FOR rHEESE-MANUFAOTURE 

1938). According to Lloyd (1910), this period at 20^ C. is approximately 
seven days, which would bring the thermal constant for the comphde life- 
cycle to af)proxiiuat(dy 287 <hiy degrees. 

Effects of Humidity 

The etfects of humidity on |>re-adnlt stages are ol)viously indirect, acting 
through the host pii])a. Since humidity has little elTect on the development 
i)i Fluteila piipie, it does not mat erially a fleet Diadroyum, at least within the 
limits of 30 per cent. R.H. to 90 per cent. R.H, Lielow 30 per cent. R.IJ. 
pii})ie become dessicat(‘d, and alaivii 90 per cent. R.H. they tend to develop 
J>act(^rial infections and decay. 

Various solutions wert* tried for humidity, as it was suggesbid that tlie 
vapour of the acid over sulphuric acid solutions may l)c detrimental. How- 
ever, no visilile differeiua's could be detected in results using siilphuiic acid, 
potassium hydroxide*, aiul glycerine .solutions. 
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THE ADDITION OF WHEY CREAM TO MILK 
USED FOR CHEESE-MANUFACTURE 


By H. R. Whitehead, Dairy Research Institute* (N.Z.), Palmerston North 

[Received, for puhlication, 7th Atigusl, li)M\ 


Summary 

War conditions madf3 it nec*cs.sary to investigate the possibility of tlie 
incorporation of recovered Mdiey fat in choeso. 

\Vhey cream, after treatment at 200" F. for thirty minutes to destroy 
bactoriophage, wais a dried to cheese milk in proportions M liieh gave fat 
additions of Irom 0 per etuit. to 27 per i^'iit . of tln^ fat in tlie original milk. 
No difficulty was experienced in the manufacture of the cheese, nor was the 
quality any lower thati that of control cheeses at any stage of maturity. 

The extra cheese yielded by the added fat amounted to approximately 
1*2 X M'-eight of added fat. 


Introduction 

In New Zealand all the whey drained from cheese-vats is pas^iod through 
separators to remove as much of the butterfat as possible. The fat 
recovered amounts to between 5 j>er cent, and 7 per cent, of the total fat 
present in the cheese milk. In normal times the whey cream is churned 
into butter, which is either consumed locally or exported for use by 
pastrycooks. 
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At the beginning of the 1941-42 dairying sejnson, owing to war condi- 
tions, it became doul)tful whether refrigerated shipping space would be 
available for the export of New Zealand’s output of whey butter. It 
therefore becann* necessarv to consider alternative mtithods of profitable 
disposal. In the final event the whey butter was converted into dry butterfat, 
which could be shipped as ordinary cargo, but before the decision was made 
to take this course, another method, the return of whey cream to the 
cheese-vat, was tried out. Mr. J. Murray, secretary of the New Zealand 
Dairy Factory Managers’ Association, who suggested tin* latter inethod, 
infonnt'd us that it had been used successfully many years ago. It was 
realized that this method of dis]K)sal of whey butterfat would give a lower 
monetary return than the normal method of converting it into whey butter 
because the butter is worth about 14d. per pound, while cluiesc? is wortli 
about 8fd. per j»ound, but it was considered advisable at least to determine 
whetln^r the whey fat could be incor])orated in cheese successfully in case 
no more ])rofitable method of disfjosal was feasible. The questions at issin^ 
wer(^ — 

(J ) Is cheese to which whey fat has been added equal in cjualit}' to normal 
cheese at all stages of maturity ? 

(2) What extra weight of cheese does a given weight of added wliey 
fat produce ? 

Tigals a'p Institute Experimental FAcroRv 

Two s(‘ri(‘s of trials were carried out in wdiich cheese w^as made daily 
from (SOO lb. of tnilk to w'hich whey fat had been added ; control cheese 
w^as made from similar milk wdth no addition of fat. All the cheese milk 
w-as fiash-|)asteuriz('d at 155" F. according to normal New Zealand practice. 

Througliout the ex|)erimcnts. the fat content of the normal milk ranged 
between 4*1 })er cent, and 5*5 })er cent. 

in the first series, exttmding over eight days, the })ro])ortion of whey 
fat added varied on different days from 0 per c<.*nt. to 27 })er cent, of the fat 
in the. normal milk. In the second series, extending over thirteen days, 
the fat recoN'ered from the w'h(‘y from the experimental vat each da\' wtis 
added to the exjxM’imental vat on the succeeding day. Thus the })rof>ortion 
of whey fat udded was equivalent to that normally lost in the whey-' viz., 
about b per cent, of the total fat in the milk in the cheese-vat. 

Treatment of the Whey Cream 

From previous work on cheese-manufacture at the Institute it was 
known that the main danger in adding whey cream to a cheese-vat lay 
in the presence of bacteriophage in, the cream serum. The addition of the 
phage to the cheese-vat, especially where the same starter was in use from 
day to day, would inevitably cause a dead ” vat, due to destruction of 
the starter by phage during the course of cheese-manufacture. In these 
experiments, therefore, the whey cream, containing about 50 per cent, 
fat, was heat-treated before addition to the pasteurized milk in the vat. 
At first the treatment consisted in standing the cream-caii in hot water 
and maintaining the cream at 170® F. for half an hour. (The highest 
thermal death point for any streptoccocal phage so far encountered is 
167® C. for thirty minutes.) It was soon found, however, that the margin 
of safety in this treatment was too low for factory practice. On two or three 
occasions in preliminary work the starter failed completely in an experi- 
mental vat, while it behaved quite normally in a control vat. After various 
trials it was found that a safe procedure from all points of view was to 
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raise the ereiim to 20()° F. by admission of live steam and to niaiiitaiii 
this temperature for thirty minutes. Contrary to ex})ectations, this tn^at- 
ment did not result in a breaking of the cream emulsion and consecjjucmt 

oiling off’’ on the surface of the milk in the cheese-v^at. Th(^ whey cream 
was added to the vat a few minutes Ixffore the rennet. 

Manxtfactltre of the Cheese 

No difliculty whatever was experienc(‘d during the mamifactiiring ]>rocess. 
There was no extra free fat to be observed on tin? surface of tlu* milk or 
wh(‘y in the i‘xperimental vat as compared with the control vat. Acidity 
dev('loped at the same I’ate in tlie two v'ats each da\% and the onl\' 
differtmce remarked u])on by the che(‘semaker was a slightly “ weaker ” 
body in tlie exi)erimentai curd in the later stages of th(‘ [U'ocess tlian 
in the contn»l curd, |)articularly where th(‘ larger wlu'y-fat arlditions wtue 
concerned. 

Quality of the Cheese 

Throughout th(‘ curing ])eriod at 55 ' F. up to six months (the last 
(‘xamination) there was no significant "ilifference in quality betwiMui control 
and experimental chi‘eses. The only distinction was a slightly softei* (more 
“ butt(‘ry ”) body in the experimental cheeses into which the larger }»ro-’ 
portions of whej’ fat liad been incorporated. None of tln^ experimental 
chees(‘,s showed *' po(‘kets ’’ of free hit. 

Extra Cheese Yield • (jatnkd uy Addition of Whev Fat 

In both siM'ies of experiimmts the milk, starter, and wliey cream were 
accurately weiglied into the vats and the composition of the milk and whey 
cream was determined. The elu'ese produeial was also weighed. Thus it 
was possif)|e, since tlu' milk used in tlie control and «‘X|>erimenta} vats was 
identical in (‘ompostion, to assess the additional cheese produced for a 
given whey-fat addition. 

In the first series, extending over eight days, a total of 507 II). 
(fourteen-day w(*ight) additional cheese was mad<‘ in the exjxu'irnental vats 
(assuming exactly the same yield for the original milk as in th(‘ control 
vats) for a whey-fat addition of 43*18 lb. Thus the (‘xtra cheese weight 
was 1*17 X wliey fat added. 

In the second series, extending over thirteen days, a total of 34-9 ll>. 
extra cheese was made for a whey-fat addition of 28*8 lb. Thus the extra 
cheese weight was 1*21 x whey fat added. 

In both series, therefore, the addition of whey bit resulted in an increased 
weight of cheese equal approximately to 1*2 x weight of fat added. 

^ Further Trials 

Subsequent to the controlled experiments described all)ove a series of 
trials witliout controls was carried out. The whole of the whey cream 
derived from the previous day’s cheesemaking was added to the vats on 
more than a hundred days during the 1941-42 season in the experimental 
factory. Normal cheesemaking procedure was followed, and the only 
difficulty experienced was on the two or three occasions at the beginning 
of the trials when bacteriophage in the whey cream was not completely 
destroyed. After the adoption of the method of treatment of the cream 
with live steam there was no further trouble. Throughout the whole 
period there was no significant increase in the quantity of whey cream 
obtained from day to day, indicating that the added fat was being 
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ir>cor|)orated in the cheese. Free fat was nev’^er noticeable in the vats, nor 
were “ pockets ” of fat observed in the cheese. All the cheese passed the 
grading examinations as normal cheese both at fourteen days and (with 
those' retained for three months or more) at maturity. 

A trial was also made in four vats in a commercial cheese “factory over a 
ten-day period. Here again no control vats could be used and the trial 
consisted merely in the addition to the milk in the vats of all the whey 
creani separated from tlu^ whey on the previous day. The cheest^s both 
at fourteen daws and after six months' storage in the cool store at tlie 
shipping port were considered by the graders of the Dairy Division to be 
quite normal good-quality cheevse. There was nothing to suggest that the 
cjuality had suffered through the addition of the whey fat. 

All the results indicated that it is possible, without prejudice to cheese 
quality, to add whey fat to cheese milk to the extent of at least 6 pfrr cent, 
of the lat in the milk. The only point which needs constant attention is 
the efficiency of pasteurization of the wdiey cream before its addition to 
the milk. The heat treatment must be sufficient to destroy all traces of 
bacteriophage, otherwise starter failures during the course of manufacture 
are almost inevitable. 

Acknowledgments are due to the following, w})o co-operated in tlie 
experiments described above : Messrs. C. Stevenson, J. Walker, and A. Drake, 
of the Dairy Division of the Departtnent of Agriculture ; Mr. L. Hunter, 
manager of Mangawhata Dairy Co. ; Messrs. G. J. Hnntw and E. Sawyer, 
of the Institute staff. 


NEW ZEALAND CREAMERY COSTS AND PAY-OUTS 
FOR THE 1937-38 SEASON 

By J. F. Tasker, Dairy Research Institute (N.Z.), De})artment of Scientific 
and Industrial Research, Palmerston North 

[ lieceivEd for jtMkalum^ Int Sc.pteKihery J944] 


Summary 

The 1937-38 working-costB aiul pay-emts of a group of forty-nine ereameries 
in the Auckland and Wellington provinecB are surveyed. It is showii tliat, as 
compared with the average small creamery, the total manufaciiiring costs j|>er 
pound of butter fat of the average large creamery are low, and its pay-out per 
pound of hutterfat is liigh. 

Since January, 1937, all dairy companies in New Zealand have l>een required 
under the Dairy Industry Accounts Regulations to prepare their annual 
accounts in a standardized form and to supplement these accounts with 
certain statistics and information concerning their pperations. This has 
given an opportunity, which does not exist to the same extent with other 
industries in New Zealand, to study as a whole the costs of the manufacturing 
side of the-New Zealand dairy industry, and to investigate the factors'affecting 
them. 

The Export Division of the Marketing Department includes in its annual 
report averages of these costs by grading ports and for the whole Dominion. 
This paper st‘.e,k8 to supplement the averages given for buttermaking costs 
for the 1937-38 dairying season* by showing how these costs are related 
to the factory’s volume of production, which, it will be seen, is the most 
important single factor affecting unit costs of buttermaking. 

* Vide p. 38, anaual report (second) of the Primary Products Marketing T>epartmeut 
for the year ended 31st July, 1938, 
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Nature and Treatment of the Data 

The data which are summarized in this paper have been taken from the 
1937-38 annual reports and manufacturing accounts of forty-nine dairy 
companies scattered throughout the Auckland and Wellington provinces. 
These companies produced approximately two-fifths of the total quantity 
of butter made in New Zealand during 1937-38, and a little over half the 
total butter-production of the Auckland and Wellington provinces for that 
season. 

In the analysis the companies have been group(‘d by steps of 500 tons 
into seven production classes. All costs have been given in terms of pence 
per pound of butterfat. 

The jiumbers of companies falling within each class, together with other 
relevant data, are given in Table I. 


Table T 


Production 

j 1 

i Nun, ter I 

1 Snr»i)liers 

Avoraift; 

Pounds 

llut-terfat 

per 

SiippUor. 

* Production. 

A\erape 

Overrun. 

Averapp 

Putter 

Grading. 

Averape. 

Highest. 

f.OWCRt. 

Tons. 

1 


Tons. 

Tons. 

Tons. 

IVr (,)ent. 

Points. 

riuU^r 500 

.. 1 10 1 141 

4,372 

33« 

407 . 

no 

21*05 

93*30 

-1,000 .. 

.. i 11 1 324 

3,975 

700 

994 

523 

21*59 

93*03 

1. (‘01-1, .500 .. 

.. 1 H 1 442 ! 

5.099 ! 

1,225 

1,355 

1 ,022 

1 21*88 

93*98 

1, 501-2, (MJO .. 

.. ! 7 ! 44H ! 

7,015 

1,700 

1,875 

1,524 

21*70 

93*03 

2,001-2,500 .. 

.. i r, i 71(1 ! 

5.537 

1 2,108 

2,421 

2,057 

21*89 

93*55 

2.501-3,000 .. 

.. 1 5 ! (iir, 

8,484 

2,8.38 

2,970 

2,378 

21*78 

93*50 

Over .3,000 .. 

.. i 3 1 734 ! 

10.044 

‘ 4,007 

i 4,832 

3,308 

21*80 

93*33 

Total 

; 4!i i i 

i__ ! 




j 




As far as ])ossible the results of subsidiary activities (such as trading 
with suppliers) have been eliminated from the data, and where a company 
had more than one factory it has been treated as a single unit. Because, 
only three cora}>anies among those covered produced more than 3,0(K) tons 
of butter during th(* 1937-38 season, the curves in the graphs have not been 
extended beyond the 3,()00-ton ordinate. 

Manufacturing and Marketing Costs 

In Fig. 1 individual and average total costs per pound of butterfat ar(^ 
plotted, together with the averages of the various groups of costs making up 
this total. The direct relation of average total costs per pound of butterfat 
to volume of production is shown by the general trend of the individual 
total costs and by the relatively close fit to the line #f the graph of the 
averages for each production class. At the same time, the influence of factors 
other than volume of production is shown by the scatter of the individual 
total costs about the average cost for each class, and by their dispersion 
from the line of the graph. 

From the graph of total costs given in Fig. 1 it will also be noted that the 
average for the production class “ 2,000-2,500 tons is displaced from the 
position one would expect it to occupy in relation to the same average 
for the other production classes* This displacement arises largely from the 
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relatively liiMh average cost of inaniifacturing wages for this class (see Fig. «3). 
The cfoaTneries in this class are also distinguished by the lacts that the 
average nuinlx'r of suppliers per company is, relatively high and the average 



butterfat delivered per supplier is relatively low (see Table 1). It seeni§ 
probable that part of the increase iik average manufacturing wages for the^ 
class “ 2,(K)0 2,500 tons '' is caused by these facts. 
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An interesting point is made clear in Fig. 1 on tlie datn as it slamls, tin' 
average crearnerv producing more than 9(M) tons during t his season in elTect 
r(‘ceived a ])remiiun on its net income from Imttfrmaking under the guaraiitced 
[)rice IxM^ause of its lowt*r a\'e.rage worki»ig-costs. 



2. — Grapli of total costs per pound of huttortat kss ereani -collect i(m and /o>’.w charges 
factory to f.o.h. in relation to volume of production. 


The costs ])er pound of butterfat of creanDCollection and chiirges i’aetoiT 
to f.o.b. are items which contribute largely to the scatter in total costs noted 
above. A creamery’s unit cost of cream'-col lection is determined mainly 
by the size and geographical nature of its territory, while its charges hictory 
to f.o.b. per unit depend almost entirely on the creamery’s distance from its 
grading port. It may be noted here that, because a large creamery’s territory 
is usually more concentrated and so permits full loads Ixuiig carried l)y the 
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(’ream - lorries, for the greater })art of their trips, tliere would l>e a 

ency for collection -costs to he lower with a large creamery than with a 
smaller creamery. However, it is doubtful wJu'tluu- the* influence of tins 
consideration would be as great as those ref(Tr(*d to above. 

The rehitivo im])orta.ncc of the cost of cn^ain-eolleetion and charges 
factory to f.o.I). is apparent from tlic data, and togetlier they a\'eraged from 
30*9 per cent, up to 409 ]>er cent, of the total costs for this season. Fig. I 
shows a rela tion l)etween cream-collection costs and voliiim* of prod net ion 
and also between chargewS factory to f.o.l>. and volinnc of ))roduction, but n\ 
view of the above remarks those relations can oidy be rcgardcrl as a{)plving 
to the partiiuilar group of creameries inciiided in this study. It is unlikely 
that they;wonld ))e re|)eated with a difVerent groii]) of crearm'rics. 



Fjc. 3. — ManufAC'tiiring (‘harges per pournl of tiutterfat for the 1937-38 (luirving season 
in rolation to volum e of pnalmaion 


TAai.E HI. — Mamtfaotckino Charors pkb Pocni* of Puttkkfat or FoaTv-NjXK 
(.Ikeamrkiks in the Aucklanu and VVellincton Provincial Districts for the 
Dairyino Season, 1037-38 . . 


PrcxluCjtion Class. 

Number of 
Companies. 

Average 
Materials 
and Boxes. 

Average 

Manu- 

facturing 

\VHges. 

Average 

and 

Rower. 

Average 

Sundry 

Charges. 

A \ oragi* 
Tot ill 
riuirges. 

Tons. 


d. 

d. 

d. 

d. 

d. 

Under 500 

10 

0-570 

0-457 

0-133 

0-013 

1 • 179 

.TOI-l.OW) . . 

11 

0-5G4 

0-358 

0-124 

0-008 

1-054 

1,001-1,500 .. 

8 

0*547 i 

0-301 

0-082 

0-009 1 

0-939 

1,601-2,000 . , 

7 

0-503 

0-252 

0-078 

0-003 

0-890 

2,001-2,600 . . 

5 

0-57^5 

0-300 

0-075 

0-010 

0-957 

2,601-3,000 . . 

5 

0-550 

0-233 

0-073 

0-000 

0-808 

Over 3,000 . . 

" 3 * 

0-580 

0-237 1 

' 1 

0-087 

0-008 

0-912 


(The graph of Fig. 3 is based on the above data) 
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I f the costs per pound of butterfat of crearn-collectiou and charges factory 
to f.o.b. are excluded and only the combined unit costs of manufacturing, 
overhead, depreciation, and repairs and maintenance are plotted, the graph 
of Fig. 2 is o}>taihed. Here not only is the dispersion of the individual costs 
con>si(Ierabl 3 ^ reduced (the average deviation of the data of Fig. 2 being 
()«2r)(l. as against (>35d. for total costs), but the nature of the relation between 
costs and volume of production is also made clearer. When the influence of 
cream-f‘oll(‘ction and charges factory to f.o.b. is eliminated, the fall in unit 
cost with increased \^()lume of production is, in fact, more gradual than is 
shown by the data as presented in Fig. 1. 

Mftnufacturing charges (which cover the cost of wages, boxes, fuel and 
power, and materials other than butterfat) are the most important single 
group of costs, averaging from 43 per cent, uj) to 49 per cent, af the total 
average cost of manufacturing and marketing to f.o.b. It is this group of 
costs which is mainly res})()nsible for the connection between total unit costs 
and volume of production. As shown in Fig. 3, within the group manu- 
lacturing charges, manufacturing wages per pound of Ixritterfat decrease 
markedly with an increase in volume of ]>roduction, and there is a smaller 
fall in unit find and power costs as production iiuTcases. A.s would be 
expected, the cost ])er pound of butterfat of materials and ))oxes shows no 
relation to volume of jiroduction 

Tn addilhm to tin* fall in manufacturing charges per pound of l)iitt(ufat 
caused by increased volume of production, Fig. I shows' that an increa,.se(l 
outjnit is also accompanied by similar, but smaller, falls in the average 
costs ]H‘r pound of butterfat of depreciation, re[.)airs and maintenance, and 
overliead charg<‘s. 

The data for de|)reciation costs and repairs and maintenance costs showed 
a (airly small dispersion about tin* fiverage line of the graph, a (act which 
indicated that, as a whole, the companies surveyed were working to much 
the same standard in their expenditure on these items. 

H(‘cau.se the amount of work to be done in a dairy company's ollicc is 
atfecterl more by the nuniher of suppliers than by the quantity of butterfat 
each suf)})li(*r delix ers, the fall in unit overhead charges does not seem to be 
directly conra'cted with the creamery’s volume of production. In Table 1 
it is shown that th(* average quantity of butterfat delivered ptu* siqiplier 
tends to increase as the output of the creamery increases- that is, on the 
average, a large creamery has few(u* sujipliers in proportion to its size than 
has a small creamery. It semiis, therefore, that to a large extent the 
reduction in overhead cliarges per pound of butterfat with increased 
})roduct;ion is directly connected with the fact that, as the creamery’s output 
increased, the individual supplier’s butterfat deliveries also tended to increase. 

The dispersion of the individual company’s unit cost of overhead charges 
was considerably greater than the dispersion of the unit costs of deprecia- 
tion and ref)airs and maintenance, the dispersion being much wider below 
1,(XX) tons than above that output. The probable explanation for this 
dispersion is that it is due to variations in the average quantity of butterfat 
handled per supplier as l)etween the different creameries. " 

Pay-outs 

A creamery’s average gross income per pound of butterfat does not 
vary with its output, but, because total costs decrease as production increases, 
the average amount per pound of butterfat availfi^ble for distribution to a 
company’s suppliers shows a definite increase with increased production. 
These relations are j^hown graphically in Fig. 4. 
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This '' amount availalile for distribution ” may be regarded for practical 
])urposes as beings identical with '' pay-(nit.” In practice, to arrive at the 
pay*()Ut, the ainount availa])l(‘ for distribution is increased slightly by 



Fig. 4. — Gross inc^omc per potnid of butterfat and amount available for distribution 
per pound of butterfat for the 1937-38 season in relation to volume of production. 


income from subsidiary activities and decreased slightly by amounts put to 
reserve and amounts paid out as dividends bn share capital. 
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TaBLK IV. — OkOSS InCOMK from BrTTBRMAKrKO PEE PoiTNl) OF B( TTEKFAT AND 
AmODNT available foe .DiSTRIUI TION PEE Poi ND OF BfTTERFAT FOR FORTY-NlNE 
Creameries in the Afokland and Wellinoton Puovincial Districts for the 
Dairyino Season 1937-38 


Class. 

Number of (.‘ompanie«. 

Averaiji' CrosK income. 

Averas/e Amount 
avallaide for 
1>i(5*riburkm. 

Tdds. 


d. 

<1. 

l^iKler dOO 

10 

l(>r»72 

13*930 


11 

Hi -7 12 

14*418 

1, 001-1, i^OO .. 

1 

1 D)-848 

I 14*800. 

1,. 501-2, 000 .. 

7 

Ki-rioU 

! 14*724 

2,001-2,500 .. 


i 10*731 

I 14*783 

2,501-3,000 .. .. ! 

5 

10*003 

1 14*833 

Over 3,000 .. .. j 

3 

1 

10*731 

_ ■ i 

14*871 


('l''hc graph of Fig. 4 i-s on tho ahov(‘ (hita) 


As shown in Fii?. 4, the ninount available for distribution vnried wid(*lv 
as between different companies witliin each production class. This is caused 
partly by variations between these companies in th(‘ir overniiis and uAerage 
gradings, and partly b\’ the effect of fiictors other than volume of production 
oil costs of manufacture, kc., to f.o.b. However, the trend of the data is 
clear from the grajih, and this, together with the trend of the averaot-s for 
each production class, confirms the general statement made aliove, 

Conclusion and Disiulssiok 

In brief, the main conclusion to, la; drawn from the abo\’e data is that, as 
prodmdioii increases, the average creamery's total costs per ]>oumlof fiutter- 
fat decrease and its pay-out per pound of biitterfat to the supplier increases. 
This confirms similar conclusions Teached by the atttlH>r in an earlier stxuly(l). “ 

In comparison witli the proportion of the gross factory income returned 
to the creamery sufijiiier in other countries(2), th(* jiro portion of tln‘ gross 
factory income returned to the creamery-supiilier in New Zealand is high. 
It seems, therefore, that the average creamery of a given size lias little scope 
for a reduction in its total expenditure on manufacturing and laarketing to 
f.o.b. 

Within the creamery, the reduction in unit costs due to increased pro- 
duction arises mainly from the fall in the cost of manufacturing wages per 
pound of butterfat with increased production. This fact emphasizes the 
importances of volume of production and also emphasizes the necessity for 

utilizing all labour within the factory in the best possible way. 

• 

The facts that costs decrease and pay-outs increase with increased 
})roduction are characteristic of most manufacturing industries, and are 
known in general terms to those responsible for the direction of the dairy 
industry in New Zealand. It was the recognitibu of these facts wdiich, in 
spite of the threefold increase in butter-production between 1921 and 1937, 
led the dairy industry as a whole not to increase the number of butter- 
factories in operation during this period, but rather to increase their average 
production. In fact, the number of creameries in operation in 1937 was 
fourteen less than in 1921, although the total butter-production increased 
from approximately 63,000 tons up to approximately 180,000 tons in the 
same period. 
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Logically, the next step in the application of the results of this paper is 
to determine exactly why the gross returns and/or working-co>sts of some 
creameries fall below the averages given, while the same figures for other 
creameries are above them. 

Because gross returns are dependent on overruns and buttet quality, the 
reasons for th(* variations in gross income as between different creameries will 
be |u;iinarily technical. To determine these reasons, field studies would 
have to b(‘ made of the technical efficiency of buttermaking as between 
diflerent companies, the quality of supplies and materials, and other similar 
matters. So far as costs are concerned, such investigations would be mainly 
of an engineering and economic character. From the engineering point of 
view they would involve com])arison.s of the efficiency of the equipment 
used in different creameries, the suitability of the layout of the factory, &c., 
while the economic approach would entail studies of management, the 
efficiency of labour, the employment of capital invested, the organization of 
the companies, and so on. »Such studies and comparisons would necessarily 
have to be co-ordinated because they are inter-related and would react one 
on another. No clear-cut line of demarcation could be drawn between thenu 

Though some work has been done along the above lines, much still requirc^s 
to be done, particularly in regard to the study of the (‘nginex'ring and 
economic problems of the industry. If investigations as outlined above were 
made, and the results put into practice, they could undoul)tedly h^ad to a 
further increase in the elfieiency of the manufacturing side of the dairy 
industry in New Zealand. 
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A GRASS-CLEANING MACHINE 

By W. G. Whittlkston, Animal llescarcli Statuni. Wallficc’ i!l 


[Rece^vad for pubUcation, Sf ptvmhrr, 1944] 



The machine conaista essentially of an induje.l tray shaken by o e. no 
drive in such a wav that the lower portion of the tray has a complete ( n ni.u 
motion imparted to it while th,- upper portion moves througli a short .at 
of 'I circle FiLnire 1 illustrates the raaifi compoiieiits 

(1) An^«i-«oR Frame, 2 in. wide by 2 in. deej., welded at the corner 

^”'"(2) Steel Brackets, \vhkh carry the bearings of the 

3 Ecce?ilric (3? in. external diameter with a throw of | m.). (In the 
mo(kd at present in use a single eccentric is used. This penults ''■^"1’1''''8 
of the driving shaft under load and the tray tends to tilt sideways slight „ . 
If a ain»le eccentric is used the shaft bearings must be. sedf-aligniug.) 

(4) Dddm, Pulley : This pulley is a heavy casting which acts as a fly - 
wheel. The ;haft should run about 4(M) r.p.m. The machine is driven by 
a J h.p. motor via a Vee belt» 
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(5) Wooden Tratf, 4 ft. l)y 2 ft., mounted in an aiij 4 lc iron (1 iu. hy 1 in.) 
frame. The tray is 3 in. dee]) and the bottom is covered with calico. This 
c'overin;^: is essential for efhcient ]>erformance. The tray is of 1 in. timber 
for the sides and has a thr(M‘-]jly bottom. Li^htnes.s is (‘ssential. 

(f>) ^a/)/>o/7//a/ /imc/'c/s .• These heavy iron brack<‘ts are tK‘l(l hrmly by 
iar^^e bolts to the concr(‘te floor on which th(‘ machine is mounted. It is 
essential that this part of the machine be thorou<j[hly r()bust.. The franu! is 
hehl in ])la.ce by a 1 in. stei*! shaTt pas.sin)if throimh the l)rackets. 

(7) Shnrldes holding* the toj) end of the tray. Thes(‘ should b(‘ fitted 
with l)all }>eariitus, which are spaced 3 in. betwtam centres. The shackles 
are at ri«r.ht anules to the main frame (1), when the ecc(*ntrics are in tlie 
middle of the throw. 



Fig. 2 


(8) Sujjportim/ bracket for the to}> end of the frame. This is drilled with 
a series of bolt holes enabling the angle of tilt to be adjusted. Bolts pass 
through these holes into slots in the main frame. This bracket is fitted 
rigidly to a concrete })lock (9). 

(10) Boltfi connecting the (X'cen tries to th(‘ tray. These enable adjust- 
ment to the triu el of the tray to be made. 

Dimemiom — 

Main Frame : 87 in. by 26 iu. 2 in. by 2 in. angle iron. 

Tray Frame: 54 in. by 24 in. 1 in. by 1 in. angle iron. 

Top supporting bracket : 18 in. high by 6 in. wide ; 26 in. between 
arms. 

Shackles: 3 in. between bearing centres ; J in. wide. 

Driving sliaft : I in. diameter. 

Supporting shaft : 1 in. diameter. 

Eccentrics: 3| in. external diameter ; | in. throw. 

Driving pulley : 7^ in. diameter (to take Vee belt). 

Bottom supporting brackets : 4^ in. high by 7 in. wide at base. 

Figure 2 show's a general view of the machine. 
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Operation 

The dried grass is placed about the middle of the oscillating tray. The 
grass moves to the top of the tray while the denser contaminants move to 
the bottom, where most of the material collecting is thrown out due to the 
vertical motion at this end of the tray. Depending on the nature of the 
sample, the machine may be operated continuously or with batches of 
material. The angle of tilt for the tray should be adjusted for the type of 
sample to be handled. It has been found that this angle and the nature of 
the surbice of the tray are critical for efficient operation. The tlirow of the 
eccentric is also important. 

.Although the machine has been used only for separating fieces, &c., 
from dried grass, there are no doubt other ap])lications for which it may be 
useful. It has been noticed tlust it removes some of the small weeds which 
are usually associated with grass. The action is jirobably due to tlie difference 
in density of the fractions and to the diffenuice iti friction between tliese 
fractions and the tray surface. 
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THE CONTROL OF COBALT DEFICIENCY AT 
SHERRY RIVER, NELSON 

THE VALUE OF MINUTE QUANTITIES OF COBALT SULPHATE 

By H. 0. Askew, Cawthrou Institute, Nelson 

[lieceived for publicationy 6th Scjdrmljpj’f 1!J44] 


Summary 

Hoggetw were raaintaiaed in a satiftfaetory state of hei\lth over « period of 
nearly two years on a (B)halt-defic?ient pasture by the uho of a nnual applicadons 
of 2 oz. cobalt sulphate per acre, or by a biennial dressing of 4 oz. cobalt sultxhate. 

The annual drcssirig of 2 oz. cobalt sulphate gave rather higher live-weight 
gains in the hoggets in the second .season than was the case with the sheep on 
the plot receiving one application of 4 oz, cobalt sulphate. 

The best rtisult was obtained from the area top-drt'sssed previously with 
cobaltized suptu'phosphate containing 10 oz, .colialt sulphate equivalent pei* 
acre. Sheep on this treatment, even in the third season after application of 
the fertilizeir. showed higher live-weights and great-er wool -weights than th(>se 
on the other treatments. 

Introduction 

The control of bush sickness and similar ailments by the use of oolialt com- 
pounds is well establiabed, but precise information as to the minimum 
quantities of cobalt that will give satisfactory results is not available. An 
attempt to provide part of this information for the conditioriB existing at 
Sherry River, Nelson, forms the subject-matter of this paper. In other 
parts of New Zealand annual applications of cobalthsed fertilizer to provide 
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tho equivalent of 4 oz. of cobalt sulphate per. acre have been recommended 
as sufficient. Whether it would be possible to r(*duce this to a lower figure 
does not aj>)>eai‘ to have br‘en determined. In the expivrimeTit to be described 
the aiinind application of cobalt was equivahmt to 2 oz. of cobalt sulphate 
])or acre. A co]>altized fertilizer (experimental l.»atch) was also included for 
comj)ai'ison. 

Experimental 

tSuperphosphate at the rate of cwt. per acre was ii.s(h1 on each plot, 
consisting (.»f 2 acres on which five animals were run. The smaller cobalt 
applications were made by diluting cobaltiz(‘d superphosj>liate with ordinary 



5EPT DEC MARCH JUNE SEPT DEC. MARCH JUNE 

1842 1849 

DATE OF WEIGHING 


Fio. 1. — .VvtTage livo-weight, in poumfs, of sheej) at tSherry River, 1941-43. 

super{>hos}>hate. The quantities of cobalt sulphate equivalent applied were 
as ibllows : 

(1) 16 oz. cobalt sulphate*'*' per acre (cobaltized supor})}iosphate) : 

(2) 2 oz. cobalt sulphate.**' per acre : 

(3) 4. oz. cobalt sulphate* per acre : 

(4) Control (no cobalt). 

The cobaltized superphosphate had benm applied on 27th August, 1940. 
The small cobalt applications w'ere given on 5th. September, 1941. A second 
a]j])lication of the 2 oz. rate was made on Bth September, 3942, but on this 
occasion the 4 oz. plot received superphosphate without any cobalt. In both 
seasons the control and the 16 oz. cobalt sulphate plot (cobaltized super- 
phosphate) received ordinary superphosphate at 3 J cwt. per acre. The plots 

^ * As hydratecl cobalt sulphate OoSO 4* 7H 2O. 
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used for the 4 oz. and 2 oz. cobalt suljihate treatments had been trt'ated in 
the 1940-41 season with 2 tons of ground limestone per acre. The control 
pjot was similarly treated on 2t>th August, 1941, but the eobaltized super- 
phosphate plot (16 oz. cobalt sulphate in 1940) remained without lime 
treatment during the period of this experiment. 

Romney cross woolly hoggets were weighed, tagged, and drafted on to the 
exj)erimental ])lots on 18th Se})tember, 1941, in groups of ti^'e animals of 
uniform average live-weight of a})proximately 51 lb. hh^'e sheef) for use as 
replacements if necessary were jmt on to a field where they would not have 
access to eobaltized lick or pasture. The animals on tin*' experimental 
plots were weighed at fortnightly intervals so far as could be arranged, the 
course of the changes in weight being shown graphically in Fig. 1 ; data at 
selected periods are given in Table 1. 

TAeCE 1. — AvRKAOE I^IVE-WEIOUTS, IN PoiMiS. OF 81 IEEP AT Sherky lUVER. IU41-4IJ 


Date. 

Control, 

2 oz. ( V»balr 

1 4 0 /.. C'ohalt 

i Cohahizetl Supri'" 

Sulphate |»tT Acre. 

jSulphate per A or 


18/9,41 .. 



50-6 

51 0 

50-8 

50-6 

1/12/41 .. 

84-4 

35-2 

82-2 

91 -6 

11 1 42 .. 

S 8-8 

96*6 

95- 4 

108 -S 

2l/:i/42 .. 

91-8 

104-4 

104-0 

122-0 

11/542 .. 

95-9 

108 -3 

115-0 

133-1 

21/6/42 .. 


105-4 

115-6 

' 135-0 

27/8/42 . . 


99-5 

113-8 

131-2 

6/9/42 

i 90-6* i 

102-0 

! 117-0 

134-0 

15/11/42 .. 

10741; 

136-0 

; 139-7 

161-8 

3/1 /4a 

95-7 i 

137-5 

137-0 

162-0 

14/2/43 .. 

88-0 

137-2 

138-4 

Dw;-o 

30/4/43 .. 

I J52-H ; 

146-3 i 

139-4 

174-1 

30/5/43 .. 

81*6 

♦ 144-9 

136-4 

170-4 

27/6/43 .. .. i 

1 84-2 

140-1 

132-2 

l(w -8 

24/7/43 .. .. i 

79*8 ! 

137-2 ' 

124-4 

163-S 

* TIh^ llvr'Uddjt of thene 

.sheep on IStU Sept* 

‘mher, nni. wa.s . 



The sheep increased in weight satisfactorily until the, middle of January, 
1942, when the control sheep were lagging behind arul had become almost 
stationary in weight. Animals on the other tn*atinents continued to increase 
in weight, especially those on the area treated with cobaltizi'd su j>(*r])hosphate. 
By the end of February some of the control slieef^ showed signs of sickness, 
and by the end of March two of the were definitely losing weight. On 
28th April one of them died. Only two of the remaining sheep were now 
apf)arently healthy. All the other sheep wer(‘ in a. very healthy state, the 
live-weights at the end of the autumn being, in decreasing order, eobaltized 
superphosphate, 4 oz. cobalt sulphate, and 2 oz. cobalt sulphate. 

Owing to the poor condition of the control group, and to some of them 
having been treated with cobalt over the winter, the five spare sheep were 
introduced as controls on 6th Beptember, 1942. The juevious controls were 
removed from the ex|)eriment. A further 2 oz. cobalt sul])hate equivalent 
w^as given to the area treated at this rate in the previous season, thus bringing 
up the total cobalt application to the same amount- on the two cobalt sulphate 
treated plots. The live-weight records show that the sheep 6n the 2 oz. 
cobalt sulphate plot at the emd of the winter were lower in weight than those 
on the 4 oz. treatment. After the aj)plication of the second 2 oz. of cobalt 
sulphate the animals on this treatment gained in weight at an appreciably 
greater rate than those on the 4 oz. treatment, and by the end of December, 
1942, the latter animals were the lowest in iveight of those on cobalt^treatad 



1944) Askew, — The Control of Cobalt Deekmency at 219 

Bheury River, Nej.son 

plots. The animals on the 2 oz. treatment remained heavier than t lios(‘ oii the 
4 oz. tr(?atment until the end of the season. 

The control sheep were in conif»aratively poor condition, although they 
Were not exhi biting any signs of cobalt <leticieney. At the beginning of 
March, 1943, the a])pearanoe of the Hh(*.<*|) was as shown in Figs. 2 to 5. All 
the treated sheep were in fat condition, whilt* some of t he control shee]) were 
definitely sick, as shown by their inability to l)e drivim. Although the 
difieren(H» in weights between the grou|>s on the 2 oz. and 4 oz. cobalt sulphate 
treatments w^as not great, those oti the 2 oz. treatment were fonsidered to 
have a l)etter finisli. Sheep on the cobaltized suj)er|)hosphate area were 
fat. Over the autumn and winter, u|> to August, the slie(>)> on the cobalt- 
treated areas maintained their weight fairly satisfactorily, but the control 
group became very ])oor in condition, and i)y the end of July were on the 
average nearly 2811), lighter than their maximum w(‘ight in No\'eml)er, 1942. 

From the data |)7'esented, it is clear that the small aj)j)r!cations of cobalt 
have satisfactorily maintained the sln^ep in healtli ; two applications of 
2 oz. cobalt sulphate [)er acre in two sue(‘e(*ding seasons ga\e slightly better 
results than one application of 4 oz. intended to last over two seasons. 

In addition to the difierenees in live-weiglit between the variou'- groups 
of sheej) there was a differenc(‘ in the yields of raw wool. The average weights 
of wool cut in t he two seasons were as follows : 



Onitrol 
(no (Cobalt ). 

2 <jz. ('(Arnlt 
; Sulfthsa,*' iM*r 

1 + oz. C'o))alt 

} Sulbluitc j.or A.to 

Su|toi’ 

i pliospbate. 


I 11). 

II.. 

11). 

11.. 

i!M2 

.. i 5-3 

r.-s 

* 5*3 

511 

194J 

.. ; 8*2 

i 9-0 

10- 1 

11-9 


In tlie first season there was litth* time for the col^alt trt^atments to 
exert any effect on wool-growth, the sheep being shorn at th(‘ bt^giiming of 
December. In the s(‘cond season increases in yieJd of waiol dm* to c(»balt 
treatment were V(*ry marked, the yi(‘!il being })artieidarly high on the 
cobaltized suj)erplios})l)at(* plot, where it represented an average gain of 
3*7 lb. ])er head ov'er the eont roL 

During the period of the experiment ])asture samples W(*n* uhtained from 
each of the plots, and these were subsequently examined fbr cobalt content, 
with the results shown in Table 11. After tin* first dressings were giv(*n on 
5th September, 1941, the colialt contents of the pastures were high, as 
revealed by the samj)les taken on 1st Octob(*r. The cobalt ctmtent of the 
control pasture was at a level, which, if continued, would be ex|>ected to lead 
to development of cobalt deficiency sym])tojns in sh<*c|) grazing oji it. As 
shown by the data of Table II, the control [)asture remained at a low figure 
throughout the ex]>eriment. Later in the 1941- 42 season the col)alt contents 
of the top-dressed pastures, except the one to|)-dressed with cobaltized 
superphosphate, fell to almost as low values as thovse of the control, although 
in the autumn they tended to increase somewhat. After the second 
application of 2 oz. cobalt sul})hate the cobalt content of this pasture was 
greatly increased and remained appreciably higher than the (*ontrol figure 
throughout the season. The plot which received the 4 oz. application the 
previous season was again appreciably 'richer in cobalt than the control one. 
The most consistently high contents of cobalt have been shown by the 
samples from the plot top-dressed in 1940 with cobaltized sujKU’pliosphate 
supplying the equivalent of 16 oz. of cobalt sulphate per acre. 
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Tig, *J. 81iet*p cm plot tQp«<lresst*<l with ,2oz. cobalt sulphate per acre ia 1041-42 and 

in 1042-43, on 2nd March, 1043. 
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Fks. 4. — Sheep on plot top-dressed with 4 oz. cohalt sulphate per acre in 1941- 42, on 

2nd March, 1049. 


( 

4 



Fig. 6,— nSheop on plot top-cljH^Bsed with 16 oz. cobalt sulphate per acre (cobaltized 
superphosphate*) in 1040, on 2ud March, 1043. 
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Table XL- (k>itALT Content of Sheiirv XIivbr Pastures, 1941-43 


(Expressed as parts per million (p.p.m.) of cobalt (Co) in dry matter) 


. DaO* of San)v»lins:. 

Confrol 
(no (.'oba.lt ). 

2 t>z. Cobalt, 
Sulphati- jM*r Aero. 

4 oz. Cobalt 
Sulphate per Acre, 

Cobaltfzwt 

Siipi-rphosphate. 


p.p.m. 

p.p.m. 

p.p.m. 

p.p.m. 

1 10 41 .. 

0 030 

0-22 

0-37 


23/10/41 .. 


0-000 

0 13 

0-i4 

11/11/41 .. 

0 027 

0-0.38 

0-058 

0-13 

;)/12/41 .. 

()*030 

0-032 

0-03fi 

0-082 

4/2/42 

0-020 

; 0-053 

0-050 

0-093 

24/2/42 .. 

0-028 

i 0-049 

0-045 

0-082 

30/3,42 .. 

0-030 

0-003 

0-079 

0-11 

14/5/42 .. 

0-059 i 

0-042 

0-084 

0-12 

10/1042 .. 

0-035 

0-202* ! 

0-14 

0-10 

17/11/42 .. .. 

0-034 

0-068 1 

0-002 

T)-17 

10/12/42 .. 

0-038 

0-050 I 

: 0-005 

0-093 

2/3/43 .. .. 1 

0-050 i 

0-092 1 

1 0-092 

0-20 

0/4/43 .. .. i 

0041 

0-079 

0-053 i 

i 0-074 


I 


* After second applicntion of cobalt sulphate. 


Coniparison of the data for (johalt (contents of the pastures with the live- 
wei<j(hts of the sheej) .show\s a verv satisfactory correlation — the heavier sheep 
being' associated with higher coltalt content of the ])asture. 

The results recorded alxtve show that tw'o annual applications of 2 oz 
cobalt sulphate per acre give in the case of hoggets on the cobalt-deficient 
soil of the Sherry River rather better results than one application of 4 oz. 
cobalt sulphate. At the end of the first season, however, the 4 oz. application 
showed a superiority over the^2 oz. application. In neither case was the 
effect on live-weight increase of tlie sheep so pronounced as with cobaltized 
suj)er])hos)»hate providing 16 oz. cobalt sulphate equivalent per acre. This 
treatment, even in the third season of application, showed marked improve- 
ment over the smaller amounts of cobalt sulphate. 
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SOME STUDIES ON THE PROPERTIES OF RUBBER 
USED IN DAIRY EQUIPMENT 

1*AKT 1 

By W, G. WiiTTTLKSTON\ Aiiilual K(‘search Station, Wallaceville 
\liiC(‘ivv(l for puhlirntlon, 29th AuguM^ 1944] 

Summary 

(1) A flexitig n3.st for rubber teat'C?iip liners (“ intla lions ”) has been 
developed. The test wquires the ajiplieation and release in a 50 ; 50 ratio of a 
vacMiuiii of 20 in. of mereury at the rati* of 58 per minute. I’he rubber 
is b(dd under a constant tension of 121b. iluring the test, and the result is taken 
as the total length of ('raeking observed after 1 . 000,000 flexings. 

The influence of hardness, wall thickness, method of rnanufiieture, tension, 
surtaei*, tiller, and laitterfat on the fl(*xing propertii's of ‘‘ inflations ” has been 
examined. 

(2) A test for rubber tubing as used on milking machinery has been devised. 

The tubing to be tested is fitted betweim two nipples, one of which swings 
witli respect to thi^ other so that the tube is bent about its middle through 
an angle iif • 00 . The tube is subjected to a \ aeuum of 20 in. of mercury 
throughout the test aud the end-point is automaticrdly recorded as the po.int 
at which a hole eipiivalent to ^yWin. in diaimder develops through the wall. I'he 
influenoe of butterfat on bending is examined and the test applied to experimental 
tubing described later in the paptT. 

(3) A study has bi'en made of the influence of but terfat on rubber of various 
types. I’be following factors have been examined : - 

(af) The influence of butterfat on tc*nsile strength with dift'erent rubber 
stocks : 

(h) Tl)e effeet of butterfat on beat-ageing resistanei* ; 

(c) The etfect of butterfat on light-ageing ri^sistanee : 

{(I) The (‘fleet of possible methods of removing butterfat on light-ageiug 
resistance and flexing pro[>erties. 

(4) An examination bus been made of the proptTties of two types of 
“soft '’ inflation. The following methods related to conserving rubber have 
been examined in the lahoratory and in the field : — 

{a) The addition of reclaimed ruliljer to inflation rubber sUxrks. The 
effect of reclaim on various physical properties of the rubber has 
b(^en examined : 

{b) Experimental rubber stocks w’ith a range of filler content have been 
tested : 

(c) The use of a smooth extc^mal finish on an inflat’on has been tried ; 

{d) Carbon black as an inflation filler has been tested : 

(c) The use of whole-tire and other types of ri‘4‘laim in tubing has been 
studied : 

(/) Carbon black as a filler for tubing has l)ecr) tested and the effect 
of butterfat on this type of rubW examined : 

{g) A simple test for the tendency of tubing to coUapse is described : 

(A) The results of Geer oven ageing tests on typical New Zealand rubbers 
are given, together with analy8:^s of such rubbers : 

(t‘) An experimental tubing has been tried out in which a thin internal 
layer of normal rubber is bonded to a thicker wall of whole-tire 
reclaim. 


13 — Science. 
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IHE ACCELERATED AGEING OF RURBER 

Introduction 

The following pa[)or })resents results obtained from work done with a view 
to assisting in tin? conservation of rubber used by the dairy industry of 
New Zealand, with s[)(5cial reference to rubber used on milking machinery. 
A survey of the available literature gave little information of any value in 
assessing the effect of the many factors liable to accelerate the ageing of 
rubber components used in the presence of milk. In the cas(^ of the teat-cup 
liners of milking-machines, where a strong flexing ac’tion takes place, it was 
possible, of course, to use results obtained with the conventional flex-testing 
equipment. However, such equipment is of little use for testing the finished 
article. Following the usual f)rocedure in such work, tests have beem devised 
'which pick on one or two of the chi(?f factors influencing ageing in a j)ar- 
ticular component and these factors have been standardized and subj('cted 
to measurement. 

Two rubber components of milking-machines which are subj(‘ct(‘d to 
rather unusual conditions are the teat-cup liners or inflations and the 
“ claw ’’ tubes. The former, during their useful life, are maintained under 
longitudinal tension and are stretched at least at one (md over a metal 
ring. Wh(ui in actual use during milking the inflation flexes at rates varying 
from 38 to 45 flexings per minute for periods of one to three hours, during 
which time it is in contact with warm milk. The claw tuf)e conveys warm 
milk from tlui teat-cup to the claw and is sulqected as the cuj)s ar(‘ apjflied 
to a cow to bending so as to cut off the vacuum. The rubber tube is usually 
fold(?d back over a nudal ni])]>le eitlnu* on the claw or the cup. Further, 
as the cups fall on the concrete floor from time to time or are slung over 
metal or wooden supports in the bail, the rubber is subject to frequent knocks. 
The rubf)er is often wet when so treated, so that resistance to cutting and 
knocking is essential for a satisfactory life. 

Tfie results of our work will be discussed under the headings of these 
f.wo compoiumts — namely, “ inflations ” and claw tubes — as the requirements 
of these, while parallel in some r(\sp(‘cts, are quite different in others. The 
other important rubber coiistituents of milking-machines, the air and milk 
tubes, will be discusserl under general methods for conserving rubber. 

The Properties of Rubber used for the Manufacture of 
Milking-machine Inflations 

Because of the significance of flexing in the normal life of inflations, this 
test was chosen first as a means of inquiring into the suitability of different 
rubber stocks for use in the manufacture of this component. 

The flexing test was carried out on a machine consisting of a double 
port slide valve which applied and released in each of two sets of eight 
connecting tubes a vacuum of 20 in. 58 times per minute. The vacuum 
phase equalled the atmospheric phase in duration. By means of two circular 
distributors the distances and size of tubing between the nippies carrying 
the inflations to be tested and the slide valves were made equal so that all 
samples were tested under identical conditions. The top end of the inflations 
under test was affixed with a normal teat-cup nip[)le connected to the slide 
valve. The bottom end was fixed by means of a similar nipple and ring to 
a 12 lb. weight, this weight being of the same order as that applied to an 
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inllation under normal field (ionditions when .stn'telu'd in a teat-cup. The 
samples under test are coV(‘red to prev^eiit light from inlluencirig tln^ test. 
The test is run continuously. 

Before discussing the ]‘(‘suItsof individual tests it is necessary to consider 
the criteria by which the end-point of the test is to be judged. Jn our 
preliminarv tests the number of th‘xings requirerl to [xroduce a crac'k | in. 
long w(‘re taken. I’his is a. va*ry incon\'eniei)t (*nd-j)oint, lequiring, as it 
does, almost constant, observation. It was therefore d(*cid(Ml to note this 
end-point together with thci total length (in inclu^s) of the cracks formed 
after 1 ,()(M),()(M) flexings a much (‘asi(‘r meatiurcunent. Both tests were 
taken on an assortment of all types of rulilier and sliM fies of inflation. Horae 
(*ighty samf)h‘s were so tested, and the corniation l)etween the number of 
Ih'xings required to produce a | in. crack and th(‘ total length of cracks 
foruHMl after 1,001), (KM) fh'xings deO‘rmine<i. A correlation co(‘lIicii‘nt of 
0*()7 was found, an (‘xcelhmt figure' when tlu' large' errors liaf)le^ to arise 
!»i <let(‘rniining the flexings re-quire'e! te) produce a | in. crack are considered. 

For all f)ra(*tical fuirpeeses iht' te)tal length of the' cracks formed afte'r ‘ 
1,000,000 fie'.vings is take'ii as an ineh'X of the' re'slstaiice of rubber te) fle-xing. 

On first e*xamination it wouhl l)e thought that twee different prope'itie'S 
were be'ing nu'asure'd. llowe'xe'r, the* corre*lation eoe'flicient imlicates that 
there is a fair proj)ortie)fi of cemimeen e'leme'iits In^tween the two end-poiiits. 
That diflerent jU'ope'rtie's are* te) se)me (‘xtent nu'asured is shown ley the 
hypot he'tical case' of a rubbe'r with })e)or te'ar re'sistance* but e'xcelle'ut fh'xmg 
j)roj)e'rties. Such a rubbe'r ce)uld perform |)(.)0,000 Ih'xings Ix'fore develo})ing 
a :{ in. crack. Ilowe'x er, during the last 100,000 flexings this crack could 
spreael the entire* length of the sample*. In nractice. howe'vcr, goeiel tear 
resistance* is re*(piired ;is well as resistance* to fie'xing. 

The following e'Xjie'rinu'uts she)W the influe'uce' eif various factors on the* 
flexing life of inflation rulibeu'. 

The InfhietKr of 

Fe)r this e*x|>e*riment twee ru fibers of elifferent hareiness made by the same 
firm were taken. The* length of cracks formcel after 1 (M)O.O(M) flexings were 
as fnllows : — 


J>n{;tli of ( -nu’lv (Ii)clu’>«). j Mcjvtt. i Shorn Unr(.iii('s>. 

: i" i " 

5-3 5*0 I (07 I 0-4 I 41 liT 

2-3 no I () ;j j 0-2 : o-7 ■ 48 


The application of the “ / test te) the significanea* of these results 
gives the following : — 

The pooled variance V — 3*22. 

Difference between meians d — 3*7. 

t e/yV'^-iV/u, where n number of observa- 
tions in each group. 

-^ 2 * 91 . 

This indicates a significant difference between the grou])S (P 5 per cent,). 

There is apparently no advantage in using a soft rubber from the point 
of view of flexing life. 

13 * 


Soft. . 
Normal 
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Wall Thichness 

Four (JifTereiit kinds of rubber wen? eboscui for this test. The infiations 
with a js'j in. wall are described as ‘‘ normal,” those with a in. wall are 
described as ‘‘ thin.” TIh‘ following are the results on a flexing test : — 


lien^th of Crack (Inches). ’ Mean. 


Normal 

! 

.. i 0-3 

1 

0-2 I r >-3 

5-0 

4(> 

ir, 

,.5 

I 

11 1 

2-0 

Thin 

i 2 • 3 

()•« ! (i-7 

1 

0-4 

1 

4-0 

i 

3 - 9 

L4 

0-2 ! 

! i 

2-4 


It is evident from inspecUon tliat thtue is no significant difference between 
these groups. Apparently wall thickness within the aliove limits does not 
influence flexing life. 


A Comparison betaveen Light Moulded AiVD Extruded Inflations 

T}h‘ most commonly ust‘d inflation (the '' soft ” inflation) is a simple 
extruded tube witli a wall thickness of .j-\. in. or ,.“4 in., a length of 6] in., 
and an internal diameter of J in. or }| in. Some firms, howevi'r, favour a 
light moulded inflation which is of approximately the sanu^ weight as a 
“ soft; ” inflation but is shaped, usually with longitudinal ribs, and is vul- 
canized in a mould. The following figures com[)are the results obtaimal 
from three diffenmt makes of light moulded inflations of identical shapt^ 
with the equivalent soft inflation : — 


f.entrUi of (’ruck (IiK'hcH). | Menus. 


Soft 



4d} 

3 -9 

0() 

..0 

0‘3 

1 1 

! 3-5 i 

2*5 

Moulded 



5 0 

4*3 

' 2-3 

01 

0-8 

1*0 1 

i 

2*3 


There is no significant diflerence betweim these groups indicating that 
the light moulded inflation is not superior to the soft inflation in flexing 
properties. 

The Influence of Tension 

It is of some practical importance to know what effect, if any, the tension 
on th(* rubber in the teat-cup has on its flexing life. In order to determine 
this, pairs of soft iiiflations of different makes Avere flexed under three 
different tensions, with the following results : — 


Make. 

Tension (Ponneis). j 

Length of Crack (Inches). 

A 

24 

0*5 

B 

24 

0*1 

A 

12 

0*3 

B 

12 1 

3*5 

A 


1*0 

B 

1 ^ 

4*5 


These figures show no significant differences between groups. 

In view of the importance of this point, a further experiment was carried 
out with the object of determining whether the release of tension on 
inflations between milkings is of value in extending the flexing life of the 
rubber. In normal flexing tests acceleration is obtained by continuous 
flexing. This could not be done in this experiment, so the usual hot-air 
oven ageing technique was used. 
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TliP a|)|niratiis used consisted of a sniall hot-air oven niiiintained at 
70 ' C. and fitted with a fan whicli gave a nniforni tenj|)(‘ratuie and continuous 
n^circulation of air. The ovcni was litOnl with two s(‘ts of teat-cup nipples, 
one arranged to apply a fixed elongation f>o tin* sanipl(\s un(l(‘r test, the oth(ir 
arrangn^d so that a given perc(‘ntag(' elongation ctnild l)e a|)pJi(‘d to a set of 
inflations only when they were Ixong; flexed, lh(‘ rubber being allovv(‘d to 
recover its norinal length iin mediately flexing ceased. 

Flexing was o})tai)ied })y applying and releasing a, 15 in. vacuum fK) 
times ])(‘r minute for two (‘vamly spaced two-hour periods per day. 

All inflations in tin* test were mark(‘d with line lines 2-00 in. a|)art. 

The exp(‘rinieiit was (•arri<‘d out u.sing standard I in. inflations of two 
makes. These were numbered and divid(*d as follows: — 

Continuous tension .. .. .. I. 3. Mak(‘ A. 

2. L Make 1). 

Intermittent tension .. .. . . 5. 7. Mak(* A. 

6. S. Mak(* 1). 

The elongation ap)»lie<l was 25 per cent. 

Tln‘. period of test was twenty eight daVs. . 

Total flexing time, 1 12 hours. 

Total Ihcxings, f()3,0(M). 

Three eriteria havr* been taken as an indieation of performance. Tliey 
are pvrnKuwnf set this is given in percentage increase in the distance 
l>etw<‘en tin* marks. DefonHalitni — uc., th<‘ deviation of the tiibt* from 
cinmiar. The fiirure is the cliflfeiviivv between th(5 axes ni(‘asiir('d extt.*rnally 
in inches. For no deformation the. ax<‘s ar(‘ the same and the figure ■ 0. 

7\>t(f/ Leuijth itf Ceaeks forhied 

Results : ■ ■ • 


.No. 

I'ormaneiil SH.. 

Delornuaion. 

»>r ( Tack 
(htclu'sk 

f 

n 

0- l(i 

0-0 

.) 


0- IS 

• 2 


12 

U\{ 

oir> 

■4 

i:ur» 

017 

:i ■ ;i5 

/) . . . . 1 

2 

0- 12 

I OCKi 

U .. .. i 

•> i 

1 on 

i 0-55 

7 .. .. 1 

1-5 

I 0 10 

' 0 0 

S 

_l 

i o 

012 

0-0 

i 

Nos. 4 and 8 showed 

some tearing 

at the ends 

held by the nipples 

Av(‘rages for Two Croups : — 





Percentage 
Porninncnt Set . 

Dctornint ion. 

I.eneUi or (Tack 
(Inches). 

Continuous tension 

n-4 

0' P) 

i i-4:i . 

InU^nnittent tension 

• 1-9 

on 

1 o/>:i 


Application of the “ t ” test to the above, results shows that, while the 
difierences in permanent set are highly significant (P — 1 ])er cent.), the 
diflerences between flexing rfjsistaiices do not quite make the significant 
level (P ™ 5 per cent.). It wT)uld appear that the maintenance of a constant 
tension will only influence flexing life slightly, while, as is to be etxpected, 
it will have a definite effect on permanent set. 
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The Influence of External Surface 

It was thought worth while to inquire into the effect of the external 
surface of a soft inflation on flexing life. The normal outer surflice of such 
an inflation reflects the texture of the linen wrapping-cloth in which it has 
been cured. The inner surface, however, takes on the sirjooth nature of 
thi^ metal mandn*! used as a support during curing. Two pairs of inflations 
of different inak(‘s w(‘re taken and one of each turned “ inside out ” and 
subjected to flexing. The following were the results : — 




j of Crack ( fiichcs). 


Make. 

1 ] 

1 i 

1 

Inside out. 

A 


j OH 

0*0 

I) 


1 B-5 

0*0 


The differences a, re significant. As would b(‘. (xpected oji general grounds, 
where the flexing surfac(‘ is smooth the teruh'.ncy to develoj) flex c.racks 
is reduced. 

Tvi^ES OF Filler 

With a view to as(^<‘rtaining the influence of filhn* on flexing life, a batch 
of experimental inflations was })repared in which tlu* normal clay filler was 
replaced liy carl)on black. On a flex t(‘st in which the controls were the 
normal inflations made by the same company the following results w'cre 
obtained : - - 


Normal 



; Lcngtli of Crack (Inches). 

i 

' 2 4 1-4 1*8 2 2 

U-arboii 

black . . 

• 

j 0-0 ! 1-b ’ 

1-4 i o ;i 


1 liilcrencc 


1 ; 2-4 j 

0-4 j-f- 1 -n 


S - l-a ; X 1-4. 

The differences do not reach signifieanc<* (P 5 f)er cent.). 

In this connection diflennices between makes an' interesting. Make A 
is a slightly harder rubl)er (shore hardness, IS t)) than make ]) (shore 
hardness, 47) : 


Make. . Lenutli of Craek (Inclies). 


A 

0 0 

08 

O'l 

O'O I 

0-3 

1 

1 O'O 

O'O 

J) 

1-4 

O' 2 

2*4 

1-4 

Hr> 

I'S 

2-2 


The differences are highly significant (P 1 per cent.). The most 
noteworthy difference between the tw'o rubbers was the average particle 
size of the fillers. 

The following information on the above rubbers is of interest in view 
of the difference in flexing j>r()pei*ties : — 



Make A. 

Make D. 

Total fillers (per cent.) 

HO 2 

30-5 

Ash (per cent.) 

22-2 

22-6 

Zinc oxide (per cent.) 

3 0 

30 

Average grain size of filler (millimetres) 

0*02 

0 '02-0 -04 

Maximum grain size of filler (millimetres) 

0'08 

0 15 


There is considerable reason for believing that the superior flexing 
pro[)erties of the make A samples are due to the finer filler. 
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Teie Influence of Butterfat 

As the iiontia,! use of an iiifiation requires it to hex iu the |)r(‘sence of 
l)Utterfat, it was thought useful to deterniiiie the (effect of this substance 
OB flexing resistanct^. Three diflerent makes of inflation of the same siz(‘ 
were used. Om? of each pair of sain{)les was imim^rsed in dcdiydrated [)utterfat 
at 37 \ The following perceiitag(‘s (})y weight) of butt(‘rfat wa'rt*. absorbed. 
The flex test results ar<‘ also s(‘t out: — 


N(.. 

1 

Mako. 


Ja*nurli of Crai 
(Indu-s). 

1 

I A 


. . i 0 


•> 

i A 


.. : .5- IS 

2-0 


! C 


0 

fM 

4 

■ 0 


7 -os 

4-5 

r> 

' H 


. . : 0 

i .^>-1 

u 

i 

1 


.. ! 5-70 

! :J-7 




S - 1 -28 ; X - 1 rlO. 



The fat-treat(Ml samples show- a slightly l)etter flexing life than the 
controls,' Init the diflerenc(‘ fails to reach significance (P — 5 p(U’ cent.). 
Provided that th(‘ position is fiot com|)lic4i,ted by other factors wdiich wall 
b(* noted lat(T, butterfat does not adversely ellect the flexing properties of 
rubber at the concentrations tried. 


THE TESTING OF RUBBER TUBING 

As has been indicat(M:l earlier, inilking-machini^-claw tubing is sulqected 
in use to ratluT drastic bending in addition to contact wdth warm milk. 
It is also handled umler conditions wdien^ it may IxK’ome greasy w^hen 
farmers use greasy teat salv(‘s on the cows, and it is lialfle to be knocked on 
hard surfaces. Rubl)er for such work must b(* rcisistant to fat absorption 
and resist Ixmding and knocking. Fat-absorption tests are carried out as 
in the case of inflation rubber. One-half inch lengths of tube are cut in the 
lathe and immersed in dehydrated butterfat at 45^^^ C. Resistance to bending 
has been determined with the following apparatus. 

The tube-testing machine is a device which makes possible the examination 
of the behaviour of rubber tubing when continuously bent through a definite 
angle at a definite rate. Essentially it consists of an arm to which suitable 
nipples may be connected and w’hich swings through any desired angle 
with respect to a fixcxl platform carrying a second set of nipples. The 
centre about which the moving arm swings is in line wdth the middle of the 
sections of tubing under test. At present tht^ device is fitted for testing 
claw tubing and therefore employs teat-cup nipples as means of holding the; 
samples. 

The motion of the arm is obtained by the use of a recijirocating chain 
drive, provision being made for variation of the stroke of the driving-crank, 
thus altering the angle of swing. There is also provision made by the use 
of an adjustable “ jockey siirocket for alteration of the position of the arc 
swept out by the moving arm with respect to the samples, thus making 
possible accurate adjustment of the machine to ensure that the tube is bent 
exactly the same amount on either side ,of the zero position. 



230 The N.Z. Journal of Science and Technology [Feb. 

End-point Determination 

One of the greatest difficulties with any such testing instrument is the 
exact determination of the point to be taken as the end of the useful life of 
the sample under test. After some consideration it was decided to take 
the end-point as the stage in the cracking of the rubber at which the equivalent 
of a yyV in. hole appeared through the wall of the tube. 

The timing of the test is carried out by the use of four small magnetic 
clocks which are fed by one impulse per minute of direct current at about 
60 volts. The time base is a Venner synchronous motor operating a small 
four-conta(;t rotary distributing switch at 1 revolution per minute. This 
switch su})plies the four clocks in turn with the necessary current. The 
source of direct current is a radio-type transformer and rectifier feeding 



Fh^. 1. — Rubber-tubo'testing . machine : (a) samples under test; (h) swinging arm; 
(c) driving chain ; (d) adjusting sprocket ; (e) vacuum -operated switches. 


an 8 mfd. electrolytic condenser through a 6,250 ohms resistor, a bleeder 
resistance of 12,5(X) ohms to earth preventing excessive voltage building 
up at the distributor contacts. The advantage of this system lies in the 
fact that a high peak current is drawn from the condenser by the magnetic 
clocks, so ensuring positive action. Because of the high value of the resistance 
between the rectifier and the condenser, the maximum current drawn from 
the former is well below its safe maximum and no excessive current can be 
drawn for more than a brief period by the clock, so protecting the latter 
from overload. 

Some trouble was experienced with chatter at the distributor contacts 
this being overcome by the use of a small braking mechanism. 
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In the circuit of ea(‘li clock is a small switch which is opened hy the 
movtnnent of a. spring-loaded diaphragm conjit?cted to the nipph‘s holding 
the sarrjj)les on th(* machine. The nip|>les are also connected to a 20 in. 
vacnuin source via a .V-j in. hole. This means that when in ofieration all 
sample tul)es ani su})jected to a 20 in. vacuum, which also holds down the 
diaphragms. The latter are adjusted so that as soon as a hole (‘quivalent 
to in. develops in a sample the drop in vacnium resulting therefrom 
|)(‘rmits the dia})hragm to move suiru^iently to optm the switch in the circuit 
of the clock timing the sample concern(‘d. Owing to the nature of the test, 
any hole developing in a tub(i under test op(ms and closes as tlie tube l)ends. 
The switches are therefon* arrang(‘d so that once oj)en they nnnain so, 
regard h‘ss of the fact that the dia.})hragm will oscillate du(‘ to the alternate 
0 })ening and closing of the cracks in the walls of the samples. Should the 
j)ower fail, a no-voltage cut-out stops tin* motor driving the a.p])aratus and 
the swit(;hcs and cut-oul have t(» be reset manually. The apj);tratus can be 
run continuously, thus saving much time. 

The apparatus is illustrated by the acconij)anving ph(>togra})h (Fig. 1). 

The following are some n^sults obtained on milking-macliin(*-claw tubing 
(all of the following tests w(‘re curn*‘d out undcw the conditions indicated) : — 

Bending rate . . . . . . 3,480 bcnd.s per hour. 

Applied vac'uum .. .. 20 in. of inerenry. 

liending angle . . , . • • • 90 

Length of sample . . . . 2j in. 

Distance between ends of nipples . . 1 io* • 

Type of nipple .. .. Teat -cup nipydes from Thule-type cup. 

Nature of test . . . . . . (Vmtinuous at room temperature anrl in 

diffuse daylight during the day. 

H(*su]ts are exfiressed in the number of hours taken to develoj) the 
■equivalent of a .jV in. hole (the " life ’’ of the saiujde). 


Test 1 

No. Make, 

1 . . , , . . Make A rcMl claw tube. 

2 . . . . . . Make A grey elaw tube. 

3 . . . . . . Make A red claw tube. 

4 . . . . . . Make A grey claw tube. 


Dirnensions of Samples : — 


Nos. 1 and 3 — 

Av^erage wall thickness .. .. .. .. 0'3r»8 

A v'erage internal diameter .. .. .. ..0-784 

Nos. 2 and 4 — 

Average wall thickness .. .. .. .. 0-374 

Average internal diameter .. .. .. ..0-788 

Life J.ife 

No. (Hours). No. (Hours). 

1 .. .. .. 70-4 13.. .. 80-8 

2 .. .. .. 1580 I 4 .. .. .. 136-0 


The mean difference betwt'en pairs, 71-4. 
Standard deviation, 22-9, 


The results fail to reach significance with the number of samples involved. 
However, it is evident that there is a very considerable variation between 
rsamples made by one firm. 
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Test 2 

This experifiient was caiTied out to find th(‘ (‘ffeot of luitterfat on th(* 
bending resistance of rubber tubing. 

Make A grey claw tubing was used for the test. 

8arnf)les 2 and 4 w^ue iimnerst'd for seven Ijoiirs in dehydrated butte rfat 
at 45 ’ C. The |)erc(Mitag(‘s of fat absorbed wen' 3*65 and 3*58 res})eetively. 
Samples 2 and 3 w(‘r(* untroab'd controls. The results of the bend test 
were as follows ; — 

Lift* PercPiita{?<- 

Ni). (Hoiirsi). Fat. 

1 .. .. 52-12 0 

2 .. .. 50 -05 :{()5 

:{ .. .. 52-05 0 

4 .. 42 80 ;U5S 

S -= 61; X 6-7. 

3^he diflenmces fail to reaeli significance. 

Any effect which butterfat has is not very great. It is ho))ed to extend 
this work at sonu' futun' date. Further results obtained with th(‘ bt'nding 
tester are given in later sections Of this paper. 

The Measurement of Permanent Set 

In the case of inflation rubber the nieasunmumt of })(‘rmanent set is 
important, because the ability of a rubber to maintain tension under pernui - 
iKUit fixed elongation is vital to the performarjce of a teat cup with a “ soft 
inflation. The methods set -out in the British Standard Methods of testing 
Vulcanized Rubber (9030040) require tin' use of rings or dumlx'll strips 
of a prescribed size. This means tlui^. the testis apj)licabl(‘ only to specially 
prepared piece's of rubber and not to the final artick'. The following is a 
description of a method which the writer has found to he very convf'nient 
and which can lie apijilied to milking-maclune inflations as such. 

Samples 

Ring-shap('d samples J in. wide are cut in the lathe from an inflation 
fitted over a wooden mandrel. When Emergc'ncy Standard inflations are 
used th(’ rings are | in. (or in.) by /.> in. by Jin. The rings are dusted 
with French chalk and slip}>ed over a smooth ta])en‘d st(*(*l cone so that th(‘ 
position of the ring is substantially normal to the axis of the com'. This 
gives tin' inb'Tnal diameter. This d<*termination is canb'd out again aftt'r 
the t(‘st, and care is taken to (Uisun* that the ring is droj)}»ed on tin' (a)ne tin' 
sam(* side u}) as in the first determination. 

Method and (Umditions of Test 

As inflations in use are elongated approximately the sann* amount 
regardless of type of ruliber, a constant p(*rcentage elongation has been 
taken as the basis of our test. 33ie B.S. test requires an elongation of 75 per 
cent, of the elongation at break. The following figures are the elongations 
at break for rubber supjilied by New Zealand manufactun'rs : — 

Ver (Jent. l»or Cent. 

1 . . . . 7(50 800 4 . . . . . . (530 

2 .. .. 800-840 5 .. .. .. 710 

3 . . . . (585 Average . . . . 725 

As 75 per cent, of 725 per cent, is 544 per emit., it was thought jiractical 
to use 500 per cent, as the fixed elongation to which all samples are subjected. 
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Periods of Stretch and Recovery 

Following B.S. j)roco(luro, the sample is held at the requinul elongation 
for ten minutes, and allow(*d to rest for t(‘n minutes on a glass j)late before 
making the second (h'terminatioii of internal diam(‘ter. 

To equalize* the tension on tln^ two sides of the stretched rings the* holding 
pulhivs are rotated. 

The t(*mperatiiro is inaintain(‘d within the*, range 2r' C. i 3° C. 

A ppnratus 

The a})paratus. used has Ix-en devised sp(*ciall7 for the above* tvst. This 
is illiistrateei in the ac(*e>m})anving photogra|)h (Fig. 2). Three*, sets e)f 
indej)eneh*nt i in. pulleys (e/) with knurled sidf*s to facilitate turning are 
fixed as shoMii to the l)ase* bi>ard. The* rings te) lx* stretched fit oven* these 
pulle*ys and over tlie long detachable* re>el (h), which tits into sockets (f*) on 



the* main lever (d), which rotates abe)ut the bearings at (e). The grooves in 
(6) are i in. in diameter and the roel has knurled ends. Aelj listing nuts at 
(/) permit the percentage elongation to lie* set accurately. When in the 
fully elongated position the* lever is stopped so that the axis of the pulleys 
and the rod (d) are in line with the centriss of the bearings (e). This means 
that the lever remains in position until the stress is removed. 

Operation 

The leveu* is moveel to the position in which rod (b) comes against the 
inde|)endent pulle,‘ys. The rod is slipped from its sockets and the rings fitted 
over it and over the corresponding pulh^ys. The rod is then replaced and the 
rings elongated quickly, tension being madi* uniform on the rings by firstly 
rotating (b) and finally turning the independent pulleys until the two sides 
of each ring sound the same note when ]>lucked. This ensures absolutely 
uniform tension. 
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The advantages of the. device are quickness of operation, constancy of 
elongation, and cheapness. 

All subsequent results are set out as the percentage increase in original 
internal diameter after the test. Unless otherwise specified, results are 
given as the average of two determinations. 

The Permanent Set of Inflation Ruhherware as sold in Ne/w Zealand 

During a survey of dimensions of Emergency Standard rubberware, 
inflations were purchased at five different towns ranging from Whangarei 
to Inver(3argill, thus giving a well -mixed sample. Rings cut from these 
inflations were tested for permanent set and tensile strength, tlie latter 
determined as described later. The following are the results : 





Deviation from 


l)eviutioix from 

No. 

Make. 

Permaiu'nt 

Mean for given 


Mean for Kiven 



Set. 

Make. 


Make, 

1 

i) 

12-7 

- 3 0 

2,340 

- 4 

2 

1) 

. i:m 

— 2 0 

2,340 

- 1 

3 

1) ... 

13-9 

— 10 

2,200 

- 84 

4 

1) 

13-4 

•- 2-3 

2.350 

4- 0 

5 

I) 

10-9 

f 12 

2,430 

1- SO 

6 

D 

13-4 

- 2 3 



7 

1) 

18-8 

+ 31 



8 

I) 

Ul-fi 

3-8 



9 

1) 

15-3 

- 0-4 



10 

1) 

20-3 

4 - 4 V> 




Mean . . 

15-7 

S - 2-!* 

2,344 

S 00.2 

1 

A .. 

lS-0 

-h 0-5 

2,300 

- 45 

2 

A .. 

18*7 

f 1-2 

2.51(i 

f 105 

3 

A .. 

18 -5 

-f 10 

2,500 

4- 155 

4 

A .. 

IS- (5 

4“ M 

2,190 

- 215 ' 

5 

A .. 

18-8 

-} 1-5 


! 

0 

A . . 

15‘8 

- 1-7 


1 

7 

A . . . . 1 

10-0 

~ 1-5 




A .. 

15-2 

^ 2*3 



! 

Mean . . 

17*5 

8 1-5 

2,405 

8 100 0 

1 

B .. 

8-4 

- 0-4 ! 

2,3.50 


2 

B . . 

j 8-9 

4- 01 

2,070 

1 ! 

3 

B . . 

9-5 

4- 0-7 


i 

4 

B .. 

8-5 

. - 0-3 




Mean . . 

8-8 

S = 0-5 



1 

C .. 

150 

4- 3-7 

i 2,070 


2 

C . . 

15-2 

4 3*9 

[ 2,400 


3 

C . . 

0-4 

- 4-9 

1 2,030 


4 

C .. 

6*9 

- 4-4 



6 

0 . . 

120 

4 0-7 



() 

C .. 

120 

4- 0-7 




Moan . . 

11-3 

S = 3-8 




S — standard deviation. 

Deviations from mean and standard deviations have been calculated 
where there were four or more samples tested. The values for permanent 
set and tensile strength are in themselves valuable, but even more important 
is the standard deviation. This figure may be taken as an index of the 
quality control which the manufacturer can exercise. The smaller the 
figure, the more uniform the product. 
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THE INFLUENCE OF BUTTERFAT ON THE PHYSICAL 
PROPERTIES OF RUBBER 

The Determ fNATioN of Breaking Loads 

Riiig-shapofl samples were fitted over J in. pulleys on a machine 
operating under the conditions set out in B.S. 903-140, Testing of Vulcanized 
Rubber. Tlie travers(t rate of the moving pulley was LSin. 3in. per 
minute. The temperature was 21" C. -I- 3" C. Four test ])iec(‘s were taken 
and th(‘ average of th(i three highest results given. 

Experbnait 1 

Three different types of rubber wert* used in this ex])eriment. They 
W('re (1) A soft carlajii-black stock, make J) ; shor(‘ hardne.ss, 43. (2) A 

soft rubber inflation, make C ; shore hardness, 43. (3) A normal rubbcn- 

inflation, make A ; shore hardness, 49. 

The samples (lifteiui of each make) were soaked in biitterfat at 15" C. 
for ten hours, aft(‘r which three of (‘ach ty]>e \V(*r(‘ witlHlrawn and the 
amount of bit absorbed and ^tensile strength determined. The remainder 
of the sainpl(‘s were removed aft(‘r twmity-two hours, and the tensile 
strengths (and in the case of two lots, th(' fat con lent) were determined 
at intervals with a view to ascertaining what cliang(\s, if any, occur wdien 
fat -treated rubber is left standing at room teni])era1:ure. All determinations 
wt‘n‘ carried out in tri])licate, while all sampl(‘s w(‘re rings which had the 
following av(‘rage dimensions (in centimetres) : — 

Make!) .. .. .. .. .. 0-242 by 

Make V .. .. .. .. .. 0 *2:n by () ;I32 

Make A .. .. .. .. .. 0-239 by 0*;}04 


The following are the results of the experiment : — 


Percentage fat absorption at 10 hours 
Breaking loads of rings (in kilograms) after 10 hours 
in butterfat (avcpige for three samples), (deter* 
rained 30 mimitos after removal from fat) 
Original breaking load 
Percentage change in breaking load 
Percentage fat absorption at 22 hours 
Breaking loads determined 0-75 hours after removal 
from fat 

Percentage change in breaking load 
Effect of standing at room temperature on sami)los 
containing butterfat — 

Average percentage fat for sets immersed in fat 
for 22 hours 

Breaking load after 3-5 hours 
Breaking load after 9-5 hours 
Breaking load after 23-7 hours 


j Make 1). 

j Make 

Make A. 

23-19 

24-09 

1 10-21 

17-10 

18-51 

1 24-50 

i 

27-50 

24-47 

25-95 

- 37-H 

- 24-4 

- 5-35 

35-01 

30-90 

24-04 

8-17 

15-22 

22-80 

- 70-() 

-- 37-8 

- 121 

35-07 

30-97 

1 

* 24-08 

5-72 

12-47 

17*70 

9-59 

13-90 

22-49 

8-93 

14-90 

22*08 


The above results show, firstly, that a carbon-black stock loses tensile 
strength more rapidly than a clay stock when soaked in warm butterfat ; 
secondly, that on standing at room temperature three quite different typos 
of rubber show a drop, followed by a rise in tensile strength after removal 
from a bath of warm butterfat. 
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Experitneni 2 

(In this and subsequent experiments, unless otherwise specified, the 
rubber is used in th(' form of rings J in. by J in. by in.) 

Four kinds of rubber wen; used in this test. They were — (1) A normal 
rubber, make I). (2) Make C, normal. (3) Make C, containing a small 

proportion of reclaim. (4) Make A, normal. Rings were soaked for two 
hours in dehydrated butterfat at 37"" C. The following are th(; results : — 


— 

I Breaking Tioad (Kilograms). 

Intreated. 

]'’at-treat«>d. 

Percentage Cliange 

1 .. 

22- 17 

24- IH 

-f 9-07 

2 . . 

20 04 

21-84 

4 8-98 

3 ! *. !! !’ 

18-51 

17-34 

- 0-32 

4 .. 

i 

22-17 j 

23-70 

4 7-18 

1 


The only sam])le not showing an increase in tensile strength when 
treated with a small amount of butterfat is that containing reclaim. 
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Experiment 3 

This was carried out on two difTcrcnt makes of rid)l»er (A and D). 
rings used had. tht‘ followdng dinuMisions (in centimetres) i— - 

Internal diamotor .. .. .. ‘J-221 

Width .. .. OIDh 

ThiekncBs — 


Make A . . 
Make 1) . . 


0 ■ 24<S 
0 2:^2 


Tlie 


hort \'-(‘ight w'eiglied rings (twenty-four of each mak(‘) were iinniersed in 
dehydrated butterlat at 45" C., lots of three being removed at intiTV'als and 
the increase in weight (after the rmnoval of ex(*ess fat) and tlie i»reaking load 
<hdermin(‘d. Tin* accompanying graphs set out the results (Fig. 3). 


Hu'J'rEiiKA'r AS a Fai’tor in the A(4Eix(; ok ItriiUEn 

B(‘(;ause of its inijuuiunce under field conditions, a fairly extensiv(‘ 
examination has be(‘n mad(‘ of the roh‘ of buf teriat in tlie ageing of rubber. 
The j)reliniinarv (‘xjun'iinent in this field was a test almost to destruction 
of a set of inflat ion ruliber samples in a (leer riil)b('j-ageing oven at 71 ('. 
(in the dark). 

Tlu' following are the conditions of the experinamt : 


Mnkv 



Experiment I 

'I’l eatMiciit . 


J’crcrnta^j* Oil 
or P>ii'U‘rIal 


A 

(' 

li 

1) 

A (soft) 

A 

n * ’ 

I) 

A (soft ) . . 

A 

r 

It 

I) 

A (soft) . . 


1 ; [■ 

2 ' i 

2 , )>Streteh(‘(l over J in. tinned lu.iss l ing-; 

4 ' i " ; 

e ; ■ 

0 ' : ;■ 

^ ( Immersed e»ne hour in liihrieu ting-oil at 

: j 70 (\ and stretehed ov<‘r 1;,* in. rings 

10 : ; ^ 

I M i ; 

12 I I Irnmei’seid ont‘ hour in (l(‘liy(lrated ! 

12 1 hiitterfat at 70 ( and stretehed'- 

14 ! ! over 1^ in. rings I 

15 I ! ' 1 


S-5t) 
0 • 42 
10-42 
{1-50 
0 - 21 , 
5-00 
(i-45 
0 • 04 
(>-11 
n-08 


The samjiles 'treated as above were l(‘ft in the (leer oven for fifty-six 
days — a very rigorous treatment. The following wa'n* the conditions of 
the samples : 


No. 

1 .. 


2 .. 

4 .. 
f) .. 
(i .. 

7 .. 

8 .. 
9 .. 

10 .. 
11 .. 
12 .. 

13 .. 

14 .. 

15 .. 


Keiiiarks. 

Quite elastic and resistant to tear ; no craeking — in good 
(MUidition. 

Pliable ; easily torn — poor condition. 

.Hard and brittle; cracks on bending — extremely poor 
condition. 

Quite elastic and resistant to tear -good condition. 

I’ears easily, cracks oil bending — veay poor eondition. 
Similar to No. 1. 

Similar to No. 2. 

Similar to No. 3, but a little more pliable. 

Similar to No. 4. 

Similar to No. 5, but does not (M*nck on bending -poor comlition. 

Similar to No. 1. 

Similar to No. 2. 

Similar to No. 8. 

Similar to No. 9, but line surface cracks are developing. 
Tears easily ; but is more pliable than No. 10 — poor condition. 
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The above test is equivalent to fourteen years of shelf ageing if we 
accept the views of Nellen and Sellers (Ind. Chem. [Ind. Edn,] 21, 
11, 10()8). This is somewhat drastic, but the following points emerge from 
the test : — 

(1) Neither butterfat nor mineral oil in the concentrations absorbed 

have any significant effect on the ageing of inflation rubber in 
the dark at 70'' C. in an oven in which the air is constantly 
changed. 

(2) Borne rubbers are markedly superior to others in resistance to tlie 

Geer oven ageing test. Makes A and D put up an excellent 
jierformance. 


Experiment 2 

Ring-shaped samples of niak(». D inflation rubber wert' taken and one- 
half of the sam])]es smeared with butterfat. These wen* aged for six days 
in the Geer oven at 70^' C. The results of the ex[)eri]nent are set t)Ut below : 


1 

j 

No. j 

Breaking Loads (Kilt)granis). 

Controls. 

After Six D.ays at j 
7U' untreated. 

; After Six I,)ayf» at 70” 

1 smeared with Butter- 
fat. 

1 

1944 

19*44 

20-01 

2 

21-87 

21-24 

20-34 

3 

21*84 

21-00 

18-39 

4 

22*02 

20-55 

19-50 

L’eans . , | 

21*29 

20-57 i 

i 

"i~ •••• — - 

19*58 


These differences are not significant. 


The Effect of Butterfat on the Light- ageing Resistance of Rubber 
• Experiment 1 

Ring samples J in. wide cut from standard inflations were used. All 
rings were stretched over glass plates gi\dng approximately 2(K) per cent, 
elongation. 

The following are the details of the tests carried out^: — 

Make of Inflation. — 1, make B ; 2, make A ; 3, make C ; 4, make 
D carbon black ; 5, make D. 

Group 1. — Controls. The unstretched rings in this group were left 
exposed to diffuse daylight indoors at room temperature. 

Group 2. — The rings in this case were immersed in butterfat for two 
hours at 45^0. before being . stretched on a glass plate. They 
were exposed to dilfuse daylight at room temperature. 

Group 3. — Similar to group 1, but exposed to the radiation of an 
enclosed carbon arc lamp as set out below. 

Group 4. — Similar to group 2, but exposed to radiation from the 
carbon arc lamp. 

The experiment lasted for a period of eleven weeks, the arc lamp being 
operated during the day for short intervals throughout the period. 
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The arc lamp operated under the following conditions 

Capacity . . . . . . . . . . 1-28 kilowatts. 

Total power consumed (luring experiment .. 11010 kwh. 

Distance of samples from lamp . . . . 10 in. 

Temperature of samples . . . . . . 60'’ approximately. 


Tilt* tensile atremgths of the samples from the ex|)eriment are set out 
below. Four sam])les of (^ach type are used, the following readings being 
averages for the three highest breaking loads of tin* four measured : — 


Bmikiiig liOads (Kilotfrauis). 


Make. 


• 

Oroup 1. 

(Jnmp -i. 

Oroup :i. 

({roup 4. 

B 

21 -66 

20-1.5 

:{ • K:t 

0-6S 

A 

2:MM) 

20-97 

7-72 

4-60 

C 

20-81 

20-71 j 

9-72 

1 - .Tl 

i) (oarboii black) 

24-18 

24-62 

12-05 

4-60 

D 

18-84 

! 

lS-51 

5-0:1 

2-59* 


* Avmiuc of two suDiplt!.^, the rmiainii)^; two iiaviim t>rok»‘n diiriiiK removal from the j^lass plates. 


Notes on the A jypearance of Samples : — 


Ineideiiee of Surface Clu-rckiim. 



Group 1. 

Group 

Grouj) 3. 

({roup 4. 

B 


4' 

_ 

-f-4-r+ 

A 


-f- f 


-1- + 

(’ 


-f 

• -- i 

4- -1 ■ 4' + 

1 ) (carbon l)lack) . . 1 




— 

— 

1) .. .. i 


4- 4+4- 1 

I 

1 

-f-4 + 


-y surfai'C checking just evident; +-r distinct cheeking; -t- I f bad checking; 
+ ^ f 4 - = very bud checking. 


The accompanying photographs (Fig. 4) illustrate the results of the 
experiment. 

This experiment indicates, firstly, that the primary ageing fin^tor 
associated with the arc lamp was the heating effect, though the influence 
of buibterfat is very much in evidenajs. The striking diiference between 
difierent rubbers in diffuse indoor light is further investigated in the 
following experiment. Carbon black, as is to be expected due to the 
screening effect of this pigment, reduces the tendency of a rubber stock 
to age under the influence of light. 

Experiment 2 

In this experiment an examination was made of the influence of butterfat 
on the surface of rubber. The effects of diffuse indoor lighting were 
compared with those of ^-w'att lighting and daylight, and the influence 
of a commonly used anti -oxidant applied to the surface of the rubber was 
examined. Two kinds of rubber were used — namely, make C normal stock 
and make D normal stock with a smooth finish. The latter was used for the 
experiment on the change in the surface structure due to fat, as its smooth 
surface rendered it satisfactory for photomicrography. The usual ^ in. by 
in. by | in. rings were used for the experiment and one-half of each ring 
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was smeared wdth butterfat. The ring's were stretchiMi over glass jdates 
giving an elongation of 2(X) per cent. All tests were done in duplicate. 

The <letails of the experiment are: “ 

Grouji J.- FjX\ioml to dilfust* light in laboratory at room temperature. 

Grotip .2. --The sanu' as group 1, bnt the fat-covered ))ortion was also 
})rushe(l w^itll saturated solution of phenyl betanaphthvlamine (a 
widely used antioxidant) in (dhyl ether. 



Fig. 4. 


Key to photographs (each make was originally represented by four rings) : — 
Makes in Ohuer from Left 

(1) Make C ; make A ; make D, carbon black ; make I) ; make B. 

(2) Make II ; make A ; make V ; make I), carbon black ; make 1). 

(:n Make B ; make D ; make 3), carbon black ; make A ; make C. 

(4) Make A ; make 1), carbon black ; make 1) ; make. C ; make B. 
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Group 3 . — The rings in this case wore exposed to the light from a 
5(X)- watt lamp at a distance of 14 in. A fan kept the samples cool. 

Group 4 . — A single ring (smooth rubber, make D) was treated as 
al)ove witli fat and exposed out of doors in a quartz tube. 

Group 5 — The rings in this case wen‘ kept in the dark at room 
tem|>erature. 

At the end of the expcvriment the breaking loads of tlu* samples were 
<l(*termined, tin* iigun^ ol)tained l)eing, of course, due to the weaker half 
of the ring. 

Th(' r(‘sults of the experiment are as follows : 

Changes in Tknsii.k Strb:ngth 




Bn-akiiijr I.oad 


rouf). 

Make. 

( Average). 

Duration of ExpoHun- to LIcht, 



( K lloi^rainM). 


1 

1) (smooth) 

17f)0 

40 davs (12tb August to 21st September) 


C 

2.3-21 


2 

1) (smooth) 

IS -27 

r, 


C' . . . . i 

22-08 i 

1 *• 

.‘i 

l)(smoo<li) 

! IS -OS 

i 3(>0 hours. 


V 

1 17-10 

1 

4 

1) (smooth) 

H-2-1 i 

'total light. 40 days ; bright simshinc 


1 : 


105 liours. 

5 

1 1) (smooth) . . 1 

i 21-25 

i 0. 


! (^ . . . . I 

21-17 i 

0. 


CiiCDUfcs in Surfaa^ Struct ure. Tlw accompanying j)hotomierogTaphs 
(Kig. 5) demonstrate th(^ inlliKMice of butterfat on th(‘ surfa(‘(* ag(Mng of 
rubber. The lowX‘r samph‘ (Fig. 5 — 1,2, and 3) is treated witli butterfat. 
Tile linear magiiiiication |0 : — 

1 . . , . The fat -treated sample is badly eraeked, while the control shows no 

ehang<‘. 

2 . . . . The (Tacking is not quite as extensive over the whole sani})le as in No. 1, 

but is still bad in the ease of the fat-t reated sainpl(\ 

3 . . . . Surface cheeking is in evidence in both cij(,ses, but is much more marked 

in the ease of the fat-treated sample. Some of this checking is 
prtjbably due to local heating which was not adcquatt'ly kept down 
by the fan. 

4 . . . , This is the liit-treat^d section of the ring exposed to daylight in a 

quartz tube. This is extremely badly ])erished. 

f) . . . , This is the same rubber sample filiotographcd at the end nntreated with 

butterfat. Fine surface ehecking is in (*videnc(^, but it is quite 
different from the cracking of No, 4. 

<) . . . . The two surfaecs shown in this photograph show no detectable diffenmee. 

These were kept in the dark throughout the exjicriinent. 

This experiment shows that a surface layer of butterfat on rul)})er 
accelerates the influence of light as an ageitig factor but h«Ts no significant 
effect in the dark. Wave-lengths passing wdndow" glass are quite effective, 
though the full range of sunlight is much more destructive in its efTects. 
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Experiment 3 

Cleaning methods have been proposed {N.Z. J. Agr., Sept, and ].)ec.^ 
1943) for the removal of butterfat from rubber. The effect of the caustic- 
soda methods on light-ageing resistance was therefore investigated. In 
addition, the effect of acetone extraction was examined. 


All samples were of make I) rubber cut into Jin. rings, which were 
stretched to an elongation of about 200 per cent, on glass plates, the rings 
being turned so that the smooth surface (normally inner) was outside. 


Fig. 5. 
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Twelve samples were taken and subjected to th(‘ following treatments: — 

A, Immersed in butt(»rfat at 45'" for thnu* hours. Weighed before 
and afttvr 

Boiled in 5 per cent, caustic soda four hours and weighed. 

Extracted in soxhlet apparatus with acetone for twc^ 
hours. Weighed before and after. 

Not treated subsequent to fat immersion. 

JSh)t treated with fat — 

Similar to Nos. 1 and 2. 

to Nos. 3 and 4. 



9 

10 f 


Similar to Nos. 5 and b. 

I z j 


Weights of Sum pics at begiicning of Experiment : 




J . . 

0*0500 ! 7 

0*7(K)5 

2 . . 

0*7058 j S 

0*i;95S 

.‘i . . 

0*7030 j 0 

.. 0 * 71 : 1:1 

4 . . 

0*0<U»2 i 1(J 

.. o*7o:i() 


0*0417 ; 11 

.. 0*705.3 

(1 . . 

o*()(>i:i i 12 

O' t»97t) 

Group A : Fat ahsorhai : — 



Weiuhts after liiiiu«‘r.si(Uis 

P(rr(‘i‘ntagc Fat 


in Fat lor Thivt* Hours. 

a))sr)i*bc(.l. 


0*72,35 

11*31 

2 

0*7819 

10*79, 


0*7792 

10 * 85 

4 

0*73.32 

1 1 *00 

5 

0 *71:17 

11*23 

() 

0 *7:142 

11 * 0:1 


WciKht.s after BoiliiiK 

Percentage Change with 

No. 

Four Hours in 5 per Cent. 

respect to Original 


NaOH. 

Weight. 


1?* 


1 

0*0570 

+ 1*070 

2 

0*7137 

+ 1*120 

7 

0*0955 

„„ 1*50 

S 

0*68.59 

- 1*42 


Weights after Two Hours' 

I Percentage? Change witli 

No. 

Extraction with Acetone 

respect to Original 


in SoxWet Apparatus. 

Weight. 


g* 


3 

0*0901 

+ l*8:i5 

4 

0*0472 

t 1008 

9 

0*7045 

- 1*234 

10 . . 

0*0947 

— 1 * 205 
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Method of Exposure to Light . — The samples were placcMl at an angle of 
45° in a window facing north-west just behind a pane of oj'dinary window 
glass and just above a ventilator so that a constant stream of fresh air 
passed the rubber, thus minimizing any possible (but unlikely) effects due 
to the atmosphere in the laboratory. Ail even-numbered samples were 
exj)osed as set out, while odd numbers were put in the dark-room (which, 
it should be noted, is not well ventilated). After (‘,xf)osure for forty days 
the samples were weighed, with the following results : - 


No. 

Kept in Dark. 

Perc.entajte Change with 
re.'ip(-ft to VV(‘ight before 

Exposure. 

1 

5 

7 

9 

11 

(>• 0.580 
()-7()15 

0*7 149 

0-0948 

0-0940 

0-7042 

-f 0-24 
f 1-05 

- 0-17 

0-10 

- 1*41 
~ 0-10 



Percent.ap:e Changes with 

No, 

Exposed to 

respect to Wei^ihi. befori- 
ICxpo.siire. 


1 

g. 


2 

0-7215 

-t- 1-09 

4 . . . . 1 

0-058:i 

-f 1-71 

a 

0-7418 

1 1-04 

8 

0-0901 

4 0-01 

10 

0-0952 

! -p. 0-07 

12 

0-7020 

* 

-t- 0-03 


Note. — In the case of Nos. 2, 4, h, 8, and 10 a small amount of rubber was left 
adhtvring to the glass plate when the ring was removed. The above pereentag(‘s for these 
samples are tlierehu'e slightly low. 

There is a signilkuint increase in the weight of the exposial samples, 
This is probably due to the absorption of oxygen. The increase is also 
greater in the case of the fat-treated samples than for the rest. A furtlier 
imf)ortant point is the fact that the acetone-extractial sam])les treated with 
butterfat, 3 a-nd 4, showed a marked increase in weight despite the fact 
that the former was kept in the dark. Acetone, in dissolving out the natural 
and artificial anti -oxidants in the rubber, has accelerated the oxidation 
process. Of very great importance is the fact that this oxidation after 
acetone extraction proceeded alniost as fast in the dark as in the light. 
However, when acetone-extracted samples are not treated with butterfat 
the dark sam])le decreas(id in weight while that ex})osed to light did not 
show significant increase. 

Changes in Surface Struciure of Sa^nples. — The accompanying photo- 
micrographs (Fig. f)A, B, and c) (linear magnification 14 x ) show the 
changes in the surface of the samples described above. In the case of those 
exposed to light two photograjdis were taken, one of the side exposed to 
sunlight through the wdndow pane, the other of the side exposed to the 
indirect diffuse light of the laboratory : — 

1 . . . . No change in the surface. 

2 (front) . . . . Badly cracketl. Beep fissures appear which almost sever the 

sample. 

2 (rear) . . . . Surface is covered with small cracks and has a spongy 

appearance. 



^45 


1945] Whittleston. — Some Studies on the Properties of 

Eubber used in Dairy Eqtupment 

No change in surface. 

No change. 

Cracks similar to No. 2 (rear). I)nt, slightly more frequent. 
No change. 


1 

't* 

■ V ■ 

2a 

.f **■ ' 

1 

4a 

4b 


Fig. 6a, 


6 (front) . . . . Cracks appear at intervals over the length e.xposed to light. 

These cracks do not e.xtend as deeply as those in No. 4 (front). 
6 (rear) . . . , Again there are . many small cracks v hich, strangely enough, 

rarely effect the edges in this case — rf. No. 2 (rear). 

No change. 


3 

4 (front) . . 
4 (rtfiar) 


7 
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8 (front) . . . . Only a few narrow cracks appear, but the surface has a rough 

appearatice. 

8 (rear) . . . . Fine cracks appt^ar in great numbers. Tiie cracks are smaller 

than the previous rear samples. 

0 . . . No change. 



Fjg. (5b. 


10 (front) .. ., Slight roughening of the surface. 

10 (rear) .. .. Fine spongy cracks appear all over the surface. 

11 . . . . No change. 

12 (front) .. .. Very slight roughening of surface. 

12 (rear) .. .. Spongy appearance and fine cracks all over the surface. 



247 


1945] Whittleston. — Some Studies on the Properties of 

Rubber used in Dairy Equipment 

Discussion on Surface Changes . — It should be noted that samples exposed 
to direct light show a darkening in colour except Nos. 4 and 10. The sides 
exposed to indirect light are nearly normal in colour except Nos. 2 and 10, 
which show a distinct bloom. 




Fig. 6c. 


The following are the main points emerging from the al)ov(} experiments : — 
(1) There is no noticeable effect in the rate of ageing of rubber stretched 
to 200 per cent, elongation if treated as set out above but kept 
in the dark : 
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(2) Haniples treated witli fat and subsequently boiled with caustic soda 

show a definite iinprovenient in light-ageing properties over those 
treated with fat but not boiled in caustic soda : 

(3) Samples treated with fat and subsequently extracted with acetone 

age in dir(?ct light as well as those not treated with fat but 
extracted with acetone. In diffuse light the fat-treated sample 
does not age as well as the sample not soaked in fat : 

(4) Where the treatment is simple immersion in fat there is a definite 

reduction in light-ageing resistance ov(vr the untreated sample 
ill direct light, but in diffuse light a different ty[)e of cracking is 
produced : 

(5) Treatment with caustic soda somewhat reduces resistance to light 

ageing in direct light, but does not affect ageing in diffuse light : 

(6) Acetone extraction reduces ageing resistance in direct light slightly 

by causing a surface roughening. In diffus(‘ light there is no 
significant difference : 

(7) Diffuse light ( f much vtmtilation i) causes a different ty])e of 

surface cracking from that produced by direct light. In some 
cases (caustic-soda extraction ; acetone extraction with and 
without butterffit ; and with untreated rubber) this ageing is 
worse than thiit caused by direct light. Wh(‘reas some samples 
showed no surface cracking in direct light (acetone extracted 
with and without butterfat and untreated sample in direct light), 
all showed marked cracking in diffuse light. 

This latter point is difficult to explain. Two points should, however, 
be noted : (1) The diffuse-light samples were in a constant current of fresh 
air ; (2) th(‘ samples in direct light showed a darkening effect. It is possible 
that wave-lengths present in direct light promptly cause oxidation of the 
antioxidant to a dark-coloured compound in the surface layer which protects 
the lower layers of rubber from further light penetration. 

Summary.— Tha abovcj results may best be summarized by stating that, 
while butterfat acciderates light ageing, extraction with acetone or with 
caustic soda may be used to remove the butterfat without very seriously 
reducing thti light-ageing resistance of the rubber. 

Exjyeriment 4 

The above experiment was extended by examining the effect on the 
flexing resistance of the treatments there applied to rubber. 

Samples of two makes of rubber (A and D) were taken and treated as 
indicated below. 

They were then subjected to a flexing test, with the results given in 
the table 


1 

1 



Flex-test Results : 

No. 1 

Mako. 


Lenpth of ( Vacks 



Treatment. ^ 

(Inches). 

1 

A 

r 1 

r 

4-7 

2 

3 

1 D 

! A 

V Boiled in acetone for two bourse 

1 

1 

4'7 

4-7 

4 

D 

j 

1 

L 

. 3*5 

5 

A 

r 

3 0 

<) 

1) 

Boiled in 5 per cent, caustic-soda 

1 

0-8 

7 

A 

f solution for five hours 

1 

1 •() 

8 

D 

j 

L 

2-7 

9 

A 

r 

1 

1 

1 

10 

10 

11 

D 

A 

/■Controls . . . . . . ■< 

1-3 

31 

12 

1) 

J 

f 

L 

0-0 
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The mean difference between th(i ac(‘tone- treated samples and controls 
(X) is 3*1, while the standard deviation of th(‘ differences between pairs, 
(S) ™ 0*95. The difference', between tlu> groups is higldy significant, 
P 1 per cent. In the case of the caustic-soda-trt‘ated sain])Ies, we find 
X ()'6, S ~ .1-7. The differences are not significant. We may conclude 
that acetoTH' tr(‘.atment has a bad effect on the flex resistance of th(‘ rubf)er, 
whil(‘ caustic soda shows j>ra(‘tically no effect. 



Ficj. 7. — Rate of incroaso in weight of rubber samples immersed in whoh* milk : 
(1) Make A (soft) ; (2) make 1) (normal). 


The Absorption of Milk Constituents by Kubber : the Increase in 
Weight op Rubber immersed in Milk 

The rate of absorption of milk constituents wus ol)serv<‘d by using 
duplicate samples of rubber in the form of rings J in. wide cut from inflations. 
These were suspended in milk on a glass frame which moved gently uj) 
and down in the liquid, so preventing the separating-out , of the cream. 
The frame passed through a gland in a lid covering the vessel containing 
the milk so that there was no evaporation. In order to ^irevent decomposition 
1 per cent, of bori(j acid and 0*001 per cent, of acriflavine were added, the 
milk being changed every three days. The fat content of the milk was 
2*9 ± 0*4 per cent. The temperature was maintained at 25° C. 

The results are shown in the accompanying figure (Fig. 7). 
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o 20406080100120140 

'nmt (hour*). 


Fia. 8 a. — F at-abH<^rption curves^ for a set of normal rubber gamples. 


liO 
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O 20 ^0 to 80 IDO 120 140 i$0 

Dme (hours). 


Fig. 8b. — F at-absorptioii curves lor a .set of normal riibbei samples. 
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Absorption of Butterfat 

A Helectiou of inflation rubbers was tested for rate of absorption of 
dehydrated butterfat at 15"' C. All samples were rings ■} in. wide by in. 
thick and | in. internal diatneter. Figs, 8a and 8b give the absor[)tion 
curves. For the sake of completeness the following table is given, setting 
out other properties of tin', rubbers tested : — 










Percentage 
Increase in 








PorceiitaKu 


Make and Typ*'. 

P(‘r- 

rcntafti' 

Purr 

Riihbrr. 

Sliore 



Modulus (500 

Absorption 

Weight in 
Milk after 

Ni». 

Hard- 

IK'SS. 

StreiiKth 
(U»./S(j|. In.), 

at llreak 
Omt Old,.). 

|>rr Cent. 
Kloufjatiun). 

at 45“ ('. after 
100 Hours 

200 hours 
(25“ C., 








(W/W). 

24) per 
Ceid. Fat). 

1 

Mako(! 

78 

47 

2,200 2,420 

j 800-840 

i 

78-2 ■ 


2 

Mu.k(‘ A (soft) . . 





i 

00-8 

1-25 


Make B 

' 71 

4:U4S j 

2,100 2,.500 

700-800 

1 

01-8 ! 


4 

Make 1) (normal) 

U7 

44 1 

2,200 

08.5 

000 j 

02-4 j 

1 12 

r> 

Make 1) (hard 

.58 

.50 

1,800 

080 

1,100 j 

.58-0 ! 



grey) 





i 



(i 

Make 1) (Hoft) 

78 

40 

1 ,0.50 

1 

710 

i 

.5.50 

70 ■ 8 

i 



( To he continued ) 


APPARATUS FOR THE MEASUREMENT OF THE 
RATE OF MILK-EJECTION IN THE DAIRY COW 

By W. (}. Whittlrston, Department of Agriculture, Animal R(*s(‘arch 
Station, W allaceville 

\lte..a'rr('A for puhlicatum^ 2nd (klotm', VJ44\ 

In the study of the influenee of various fjictors on th(‘ milk-ejectioTi reflex 
in the dairy cow it was necessary to have apparatus which would in no way 
affect the results of the experiments. There is consid(*Table evidence that 
th(‘ reflex is a conditioned one which is extremely sensitive to environmental 
changes. The presence of strangers in the milking-shed, alteration of the 
sequence in shed routine, unusual sounds, kc., all disturb the normal milk- 
ejection process. It is n(*-cessary, therefore, wlum designing apparatus to 
fill the following conditions : — 

(1) The apparatus should in no way alter the action of the normal 

milking-machine : 

(2) The method should involve no alteration in shed routine such as long 

waiting-periods or the changing of buckets, &c. : 

(3) The ai>paratus should be such that ordinary shed hands could operate 

it with no inconvenience. 

Preliminary experiments with a weighing-machine indicated that to 
be satisfactory it would be exj)easive. A float-displacement method was 
examined, but again to be accurate and hygienic it required a rather costly 
mechanical set-up. The present method, though appearing complex, is 
relatively ch aj), fool-proof, and positive in action. It has the advantage 
of being easily cleaned and is almost automatic. 
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The a.py)aratus (ionsists of a nieasiiring unit situat(‘(l in tin* cow-shed 
and a recording-uuit placed outside of the slu'd at any convenicuit distance. 
For th(‘. WT)rk at present under way the measuring-unit is attached to a 
conventional mechanical milker. It could, how(‘V(‘r, be used for m(»iisuring 
the flow-rate of any liquid which has a high enough electrical conductivity. 

The Measuring- UN it. (Fig. 1) 

This consists of a tinned c()])per cylinder (a) which connects to the teat- 
cups of the milking-machine via the inlet tube (b), A bailie arrangement 
(c) ensures that no froth will collect on the top of the milk as it rises in 
cylinder (a). The main cylinder is connected i>y a I J in. tub(» (d), to th(‘. 
measuring-cylind(*r (c), which is made* of bak(*lit(* 2 in. in diameter, and is 
connected at its toy) tuid to the toj) of the main (‘ylinder by a tube (g). The 
measiiring-cyiinder is fitted with a spiral of fifty staiidess-steel studs, and 
down its centre ])ass(‘s a nickelhnl electrode (J), which is connected to 
(‘arth.” 'fhe unit is drained l)y a tul)e (//) so adjusted that, when the 

k 



^ la ning operation is complete at least one stud in the measuring-cylind(*r 
iS covered with milk. A multi-port valve (j) is used to control the ap})aratus. 
In the position shown in the diagram (the working })osition) cylinders (a) 
and (e) are evacuated while (h) is closed, connection (k) being the lead to 
the milk-pipe of the milking-machine which supj)lies the vacuum. When 
a milking is comp eted the valve {j) is turned so that the vacuum connection 
to the cylinder (i) is opened to the air via the y)ort at (/), while the draining- 
tube (h) is connected to (k), so draining the milk into the milk-pipe. This 
operatio ■ takes only a few minutes, and its completion is observed in a 
sight glass ” on the milk- pipe. In a second model of this unit two main 
cylinders (a) are used with a valve mechanism which cuts one of them out if 
necessary. This makes it ]:)Ossible to operate with two scah^s and so maintain 
the accuracy of the recorder when used on small yielding animals. 

The position of the controlling valve (j) is indicated at the recorder by 
«mall lamps. 
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The Recording Unit 

The circuit diagram of the recording unit is shown in Fig. 2. 


Tt 


To 


T. 

T4 


M2 

M, 

K 

R, 

R2 

R, 

R., 

C„C2,33 

C, 

(\ 

i\ 

H 

V.S. 

8 

1 

B 

U.8. 


Components 

240-5 volt transformer centre tapped and supplying 2-5 volts 
to he filament of and 5 volts to the primary of T3, 
which supplies a secondary voltage of about 90. 

240-12 volt centre tapped transformer supplying a small 
copper-oxide rectifier, 0, which gives a rectified output 
operating the relay R3 and the cut-out rel^y Rg. 

5-90 volt transformer supplying high tension to the thyra- 
troii Vj. 

240 -5 volt centre tapped transformer sup])lying filament 
current to the rectifier Vo. 

Type 2A4G thyratron. 

Type 5Y3G rectifier connected as a half-wave rectifier with 
the plates in parallel. 

Relay controlling the uniselector switch. 

Cut-out relay. 

Relay controlling the Venner synchronous motor V. 

Driving coil of uniselector switch. 

Centre tap})ed 200 ohm resistor. 

100 ohm resistor. 

Resistor adjusted to set drain on rectifier at safe maximum. 

Variable resistor (5,000 ohm max.) to control bias voltage. 

0*5 m.f.d. tubular condensers. 

16 fxF. electrolytic cond(‘nser. 

8 /xK. eh*ctrolyti(‘ condenser. 

1 tubular condenser. 

Filter choke. 

Vacuum operate*l switch. 

Single ])ole double throw push button (zero resetting control 
for uniselector). 

Rotary interruptor switch. 

Bias battery. 

50 outlet automatic telephone uniselector switch. 


Each of the unisehjctor (jontacts is connected to a stud contact in the 
milk-measuring cylinder via a twenty-five-pair lead-covered telephone cable. 
By this means the recorder is at a considerable distance from the measuring- 
unit. 

The paper on which the record is made is fitted on to a bakelite drum 
directly coupled to the shaft of the uniselector switch. 


Adjustments 

R4 is set so that wlum the uniselector switch is connected to a contact 
covered with milk the thyratron just “ fires.’’ This ensures that when the 
contact is uncovered the bias rises due to an increase in resistance between 
the contact and earth and so stops the thyratron from conducting. 

R3 is adjusted so that the relatively steady current flowing through it 
charges condensers and C5 enough to operate the uniselector positively. 
By this simple means the high voltage low current rectifier V^ easily drives 
the low voltage higher current uniselector. 
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V.S. is a vacuum controlled switch situated below the tap on the milk 
dropper connecting the teat-cups to the rneasuring-unit. This switch brings 
the time base into operation as soon as the cups are put on the cow. 

A small indujator lamp, not shown in the diagram, is used to indicate to 
the cowman that the cups may be put on. 

Action 

Tjct us sup|)ose there is enough milk in the cylinder to come to the level 
of the draining-tube ( (//), Fig. 1) which is so arranged that at least one 
contact is always submerged. Push button (R) is de|)ressed, putting the 
switch into the lower position. Relay M^ is held in the lower position by 
its spring. This means that the uniselector now' moves until its wiper arm 
covers a c1os(m1 contact whi(d) causes the thyratron to fire,” so pulling the 
relay contact into the u})}>er position and sto])ping the uniselector. Releasing 
S results in the uniselector once more running, this time until it finds an open 
contact - the first on(> above the surface of the milk. The recording-drum 
is drive'll directly by the uniselector, wj^ile motor (V) drives the time-base, 



which mioves the pen of the recorder along the time axis. As milk rises 
in the measuring-cylinder the c<)ntacts are one by one submerged. Each 
time this happens the thyratron fires ” and causes the recording-cylinder 
to move round one unit. 

The time-bast*, as already indicated, starts the moment the cups are put 
on, and hence the grajjh accurately records both volume and time. When 
the cups are removed the time-base stops, the pai)er on the recording-drum 
is changed, and the uniselector set to zero by depressing S. The sequence 
of events is repeated on the next cow. 

Relay Mg and switch P are used to ensure that the thyratron is heated 
somewhat before a load is applied. When the power is turned off the plate 
circuit of Vj is opened and cannot be closed until the press-button P is 
depressed. 

(It should be noted that the curious arrangement in which the high 
tension voltage for is taken from a step-up transformer T3 was employed 
because the transformer was available and could not be used for anything 
else.) 

14 — Soienoe. 
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The time base is a simple serc'W driven by a VenmM synchronous motor V. 
A half-nut rests on the screw and so drives the pen across the paj)er. The 
pen has to be reset to zero manually. 

Calibration. Volume, 1*36 cm. -- 1 lb. of milk. 

1 contact, t 0*235 lb. of milk. 

Time : 1*268 cm. — J minute. 

Method op Operation 

Th(‘ followint^^ is the ])roc(‘dure wlum making milk-flow f^raphs. A sheet 
of paper is iitted to the machine and the pen put in the writing [josition. 
By means of a small switch an indicator lam)> in the slied is turned on, 
letting the cowman know that the a])paratas is rc'ady to run. As soon as 
the cu])S ar(‘ ap])lied the time-base starts. The uniscdector (s(*t to search 



Fro. :L 


for open contacts) rotates the recording-drum as the milk rises in the 
measuring-cylinder. The cowman removes the cups at the end of milking, 
so sto}){)ing the time-base, and turns the control valve, which causes the 
main cylinder to drain into the niilk-j)ipe. This op(‘Tation is indicated at 
the recorder, whose o])erator swindles the uniselector into the position in 
w'hich it hunts for the first closed contact. This means that it runs right 
round, coming to rest on the lowest stud, which is always under milk. While 
another cow is being brought in and the cylinder drained, the paper on the 
recorder is changed and the time-base set to zero. When the control valve 
is turned to the “ run ” position the uniselector is switched back to the 
operate ’ position, when it promptly seeks out the first open contact and 
stops. This ensures that the })en alw^ays starts at the real zero regardless 
of ]) 0 S 8 ible errors due to careless draining on the |)art of the cowman. The 
application of the cups starts the time-base and the cycle is repeated. 

A general view of the recording unit is shown in Fig, 3. 
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Figure 4 shows four graphs as tak(‘u from the machine. These show 
the nature of the recording and, incidentally, the variation in milk-iiow 
curves. 

Work em])loying the above apparatus is being undertaken at present, 
and results of the (ixperiments mad(‘ possible l)y this new apparatus will be 
publisht'd from time to time. 




Kig. 4. 
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TECHNIQUES FOR SOIL FUNGUS STUDIES 

By I. D. Blair, Caut^^rbury Agricultural College 
[Re,ceMmt for puhllration, 2S(h Sept(’irif)€/r, 1944] 

Summary 

Publiatied literature relating to direct microscopic examination of organisnns 
within soils has been revit^wcd. 

An application of tlie Rossi -(^holodny glass slide technique has proved 
succeaafid in providing a method for examining growth of the fungus Uh izortonia 
mluiu Kuhn in natural soil. Direct examination in tubes of soil has also l)een 
, found possible. 

The techniques arc described, and photographic figures are prt‘sent(‘d 
illustrating some of the growth studies w'liich may be dcvelopcfl usirig such 
techniques. 

Attributes of a soil eiiivironnieut in' their relation to pathogenic fungi have 
generally IxM'n defined according to ho.st-f)arasite studi(‘s. The ])}iysiography 
and meteorology of a soil “ micro- habitat ” obviously iniluenc(‘ the activity 
of micro-populations, but these influences on a pathogen are usually correlated 
not with growth measurements of the organism in situ, but ratluT with some* 
degree of parastic infection in a host-plant susceptible to attack l)y the 
particular soil inhalntant. Probably parasitism studies provide the (*asiest 
method of study, but it is desirable to ascertain something more also of the 
effect of soil conditions on the organisms themsidves as well as on attendant 
diseases. 

Rf.view of Literature 

• 

Tlu^ first suggestion of a, direct microsco})ic ‘study of organisms as they 
occur in the soil seems to have been made by Conn (1917). His method 
essentially was to make a soil infusion in dilute gelatin, dry this on a slide, and 
stain for examination with plienolic rose bengal or erythrosin. Winogradsky 
(1924a, 1924 b, 1925) discussed direct methods of studying bact(‘ria in the 
soil, and in liis studies employed a technique which was a modification of 
Conn’s original methods. Eurojiean investigators soon be(;ame intert'sted 
in these methods, and further modifications were adopted. For instance, a 
technique for fixing and staining a measured portion of soil infusion on a 
slide was devised by Koffman (1928), and this enabled a det(‘rmination to be 
made of the kinds of organisms present in soil samples. An ('ven more direct 
procedure was offered by Ro.ssi (1928), Rossi and (lesuc* (1930). In their 
studies a vertical faci’ of soil was exposed and a glass slide placed against this 
surface. After removal and staining, the slide depicted micro-organisms as 
they actually occurred in the soil at any one time. This jninciple was 
])ursued by Cholodny (1930), who perfected Rossi’s techniqiu*, ])lacing the 
slides in a s})e(‘ially devised holder in a shallow trench with one side of the 
slide held in position against the vertical face, of the undisturlied soil. 
Cholodny’s method differed essimtially in that the slides were not removed 
immediately, but were allowed to remain in position for some time before the 
soil picture was fixed and stained. 

This technique, which may be referred to as the Rossi-Cholodny method, 
as each worker was responsible independently for its development and 
application, has already been used in a varying manner of ways. It was used 
by Conn (1932), who proved that it was satisfactory in demonstrating a 
change in the microflora of the soil from fungi or actinomyces to bacteria or 
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vice versa. Eaton and Kin^ (1934) eniidoyod the nn^thod to ascertain tlie 
time of the year at which growth h(‘gins of tlie cotton root-Fot fungus, 
Phymaioirichum omnivorum, and th(‘ d(*pt}i to which the activity of 
this fungus may occur, .lensen (1934 1930) adopted the techni(|ue in a 
(piantitative study of the occurnmce of (•ertaiu soil fungi l)y estimating the 
frequency of fungal hy})ha> in 5(K) to 550 randomized microscopic fields on 
Rossi-Cholodny slides, and Oarrett (1 938), using a similar calculation as Jensen, 
showed that the slide method could demonstrate th(‘ declin(‘ of Ophioholus 
yraminis myc<dium in ndation to the ])(‘rcentage occurrence of other soil 
fungi. More recimtly Tirnonin (1940) placed slides m soil samples, and 
sul)sequent fixation of these rev(‘ah*d noticmihle difii'rmices in the abundance 
of microbial accumulations in the rhizosph(‘re conq)ared with soil distant from 
the roots of thos(‘ ])lants under study. Waksman (1932) refers to the method, 
stating that it may b(‘ used qualitatively to show micro-organisms which 
<‘xist in the soil in activi' form, but he afiirmed that it was not apj)licable 
to quantitative investigations. Since then, however, and as outlined in this 
review, Jensen, (Jarnnt, and Tirnonin have all demonstrattHl quantitative 
efiects from the use of this slid(‘ m(‘thod. 

The implications of mneh of this reviewed exjuvrimental work suggests 
that an apj)lication of the llossi-(3iolodny technique might be suitable 
in dev(‘loj)ing growth studi(‘s of some fungus organisms under natural 
soil conditions. Such work has been undertak(‘n with results reported on by 
Blair (1942, 1943), but no descriptive account of the technique associated 
with th(‘S(? studies has as yet been published. 

Experimental Methods anu Materials 

The ( hy arils rtf. -Niimhevs, of isolates of tin* fungus Ilhizocloma solani 
Kiihn wer(‘ obtained by standard isolation methods and maintained on jaitato 
d(*xtrose agar slopes pending further study. 

Phe lin estigations of the activities of the fungus wt^re conducted 

in unsteriliz(‘d field soil. From [)rocesses carried out by pure (‘iiltures of 
inicro-organisms grown in sterile soil it is diilicult to determine what a(‘tually 
do(^s occur in normal soil, for not oidy is the nature and composition of the 
•culture medium conqJetely clianged by sterilization of the soil, but the various 
antagonistic and associativa* infiuenc<*s which are active* in normal soils are 
eliminated. Such dilTerences between unsterilized and steriliz(*d soil as a 
medium for fungus growth and activitv have lieen enqihasized liy Waksman 
(1927), Flor (1940), Tervet (1937), Sanford (1939). 

The soils used as the medium of fungus growth were sieved in the field, 
passing J in. mesh, then thoroughly air dried under glass or over a steam 
boiler, cruslied by a roller and jiassed through a 2 mm. siev(*, ready 
for final use. The saturation capacity of all soils or soil mixtures was 
det(*rniin(*d by the perforated-box method of Keen and Kackowski (1921). 
In growth studies glass tumblers, such as, Garrett (1936) used in his 
Ophioholus studies, wtrn? partly filled with a w(*ighed quantity of the pre})ar(*d 
soil, the water content of which was adjusted to any ilesired degree of the 
estimated saturation capacity. Where a low degree of moisture content 
was desired the weighed amounts of soil and water w(*re mixed by hand in a 
container before being added to the tumblers. In this manner an even dis- 
tribution of the limit(*d amount of water was assured. On the other hand, 
wln^re a high degree of soil saturation was required, the larger amounts of 
water could be added directly to the tumblers of soil, for the quantity of 
water at, say, 80 per cent, of saturation, was sufficient to ensure an even 
distribution of the water without previous mixing by hand. In any case 
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where the water coHt(*iit of the .soil had to he adjusted the tund)l(*rH were 
left stauding at least twelve hours after the additi(ui of the water and before 
inoculation, to ])(‘rniit a natural and (‘ven dLstrihution of soil moisture. 

Arrangement of Slides and Soil Inoculation. —The glass slides used to 
provide the nunisure of Rhizoetonin growth through the soil were cleaned in 
solutions of hot acidulat'd potassium dichromatt', followed by successive 
wa.shings in alcohol, then water, before thorough drying. Four dry slides 
were placed vertically in tlie soil of each tumbh'r, arranged in tlur form of a 
hollow square as illustrat'd in Plate 1. With the slides in |)Osition and with 
water (jontuit adjustcHl to the desired (h'gree of the saturation capacity, a 
piece of inoculum of R. solani, consisting of a 6 mm. disk of the organism 
taken from th(' ])eri])herv of a cultun' growing on a potato-dextrose agar 
plate, was placed in (a)ntaet with the inm*r face of .each slide, at a liiu' marked 
on tiu' slide } in. below tlu^ lev(‘l of the soil surfa.c(*. After inoculation each 
tumbler was cover(M.l with | in. mulch of sand, tlu' water content of which 



Clatk 1 . — of gla.ss slides in soil 
t u?ul)Jt*rs, used t(» measure the extent ol gi’(»\vtli of 
H. aotnui in soil, 

Lonrr : L. to It.: Air dry soil in tundth'r; niiirked slides 

ready to be pljieed in position; slides in position with tlie w.Mler 
(*ont<‘nt of soil adjusted. 

t’ppt'r: Tuinl.lers with wet sand muleli the course of 

u typical exijerimeiit designed to measure the urowlh of Jt. Sohnd 
throu^di the .soil. 


was also adjusted to the same percentage of its saturation capacity as in the 
case of the soil. The tumlilers or pots in any one experiment were randoiniz(*(l 
in their arrangement on a bench and left throughout at room tenqterature. 
Any losses in weight were adjusted by adding water at daily intervals, if 
necessary, to bring the tumbler weight back to the original. Distilled water 
was used throughout. For each treatment there were usually four tumblers 
each with four slides — i.e., estimates of the mean results were made from the 
observations on twelve slides per treatment, and the statistical analys(;s of 
the replicate results indicate that this arrangement presented a high degree 
of accuracy. 

Glass tumblers were used throughout investigations conducted in England. 
In Canada 4 in. baked-clay hower-pots were used, but the preparation and 
arrangement was exactly the same as described above. 
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In certain experiments a different arrangement was adopted. The 
slides, instead of being arranged vertically as shown in Plate 1, were placed 
horizontally in large glazed clay vitrolite crocks containing the soil. They 
were then arranged in radial fashion. This arrangement is illustrated in 
Plat© 2. This method lent itself es})ecially to studies of fungus growth at 
soil depths in excess of the dimensions of vertical glass slid(\s. The slides 
w(‘re placed radially and fungus inoculations made first at the deepest level 
under study followed by a similar arrangement as the container was -filled 
through the shallower levels. The organism was introduced as before at a 
marked point on the slide, | in. beneatli the surface. In either method 
it was determined by preliminary ('bservations that as the fungus sj)read 
through the soil from th(‘ point of inoculation, hyphal threads also came in 
contact with, and moved along, the glass slides. It was believed that the 
extent of the growth of th(‘ mycu^lium along the slide was a valid indication 
of the extent of s|)read of the organism through the soil in the vicinity of the 
slide, the amount of growth being influeruMMl by the |)articular soil conditions 
which wen' under investigation at the tinu‘. 



Plate 2. — Radial-liorizontal arrangeraent of glass slides, used to 
measure the exUnit of growth of IL solani in the soil. 


ExayyivnatUm of the Slides , — At the conclusion of each experiment the 
slides were removed from the tumblers in such a manmu’ that the central 
core of soil bouiuhnl by the sli(h?s remained intact. This central core was 
lifted from the tumbler after removal of the soil outside the boundaries 
enclosed by the grouj) of slides. The method of removal is illustrated in 
Plate 3, The slides were then detached from the soil, air dried, fixed, and 
stained in a bath of steaming 5 per cent, erythrosin in 5 per cent, phenol, 
permitting an immersion of one minute*. Excess stain was removed by 
quickly dipping the slides in a beaker of running water, before leaving them 
to dry. It was found, also, that a steaming 1 jier cent, jdienolic solution of 
llose-Bengal stain was suitable for fixing and staining the slide })icture, but the 
erythrosin stain was generally used for this purpose. 

Depending upon the conditions of the experiments, and details of these 
have been published by the writer (loc. cit.), the fungus hyph« were found to 
have moved along the slide and to have been fixed on the slide surface by the 
above treatment. Using a high- or low-power microscope objective, the 
course of the fungus along the slide could easily be followed and therefore 
measured right from the original mark of inoculation to the terminal 
extremity of mycelial growth (Plate 4). It is possible that movement through 
16 — Soienoe. 
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the soil in the vicinity of the slid<‘s may not be entirely comparable with 
movement of the fungus through or between soil particles at some distance 
from the slides. In its movement through the soil the organism may be 
provided with a path of less rt^sistance in the zone defined by the surface of 
the slide and the soil particles. Further, the measure of growth on the slide 
cannot be interpreted arbitrarily as the full extent of the growth distance in 
the soil, for the fungus would certainly ramify in all directions between 
soil particles, not only in the single plaiu* of the surface of vertical or lateral 
slides. 

These facts would not appear, however, to dcdract from the value of the 
method as an indication of the extent of growth under soil conditions. The 
value of the method also lies in the fact that it permits an examination of the 
organism in natural soil, under those conditions associated with what Kubiena 
(1938) refers to as the soil “ iniero-dimate ” or ‘‘ micro-habitat.” By the 
use of this slide method it seems that one is justified in interpniting the 
growth measurements as an indication of the influence of (‘xisting or adjusted 
soil conditions on the develo])m(uit of R. solani. 



Platk vL — The method of removing slides from pots or tumblers, prior to fixing 

and staining. 


The fact that unsterilized soil was used as the basic medium made it 
inevitable that the picture*, on the slide would also consist of, and in fact in 
many cases be dominated by, a profuse develojunent of the other micro- 
flora of the soil ; in addition to the hypha* of Khizoctonia solani s|)reading from 
the line of inoculation, many forms of bacteria, protozoa, actinomyces, and 
other fungal hyphie and fruiting bodies could be dis(*ernt‘.d. This was to be 
expected, for it was for the purpose of securing such pictures of the micro- 
flora of the soil at any one time that this slide technique was applied by 
the early investigators whose work has already been reviewed. Nevertheless, 
in si)ite of the density of other micro-organisms, it w’as always possible to 
trace accurately the full extent of the growth of the inoculated fungus and 
to be able to distinguish between the hyphse of the inoculated Rhizoetbnia 
and those occasional hyiihie of this organism which had a})parently developed 
from a spontaneous source in the n on-sterilized soil. In the first place, the 
morphological characteristics of the mycelium of Rhizocionia solani, as 
described by Duggar and Stewart (1901), were diagnostic even in the presence 
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of the other organisms. For instance, tiie young liyplm^ branch at an acute 
angle from the parent hypha and subsequently lie f)arallei to it. A con- 
striction usually occurs at the point of union, and a sef)tum is almost invariably 
laid down a short distance from this point. The hyplial threads are usually 
thick in width, with dimensions ranging from 10 25 microns. With age 
the hyphfe lie more or less at a right angh' to the main axis, showing less 
constriction at the points of origin. They deepen in colour to a yellow, then 
to a deep shining brown, and beconn* more or less einj)ty and granular. 
These brown runner }iy|)lm‘ an' a diagnostic feature. The mycelium is 



Plate 4. — Twt) lixed and stained glaH.s slides, photographed against a black 
background, showing the nature of the attachment and the spread of 
mycelial growth of H. holani from the line of inocidation. 


also characterized by a very direct and straight habit of growth. Plates 5 
and 6 depict typical microscopic fields of R. solani mycelium from such 
growth on slides as shown in Plate 4. 

The check on the fact that the Rhizoctonia mycelium along the slide 
was from the original inoculation rather than from some source already in 
the soil before inoculation, lay in the degree of accuracy with which one could 
follow the mycelium under the microscope from the line of inoculation. 
Sometimes a break in the continuity of growth would be observed. If 
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such a break was small it seemed reasonable that any continuation of growth 
beyond the break was indeed a continuation of the same mycelium, especially 
if the plane and direction of growth were identical in each case. In no instance 



Plate 5. — A typical microscopic field of H. mkmi mycelium from sucli 
growth as shown on the slides in Plate 4. X 120. 


did a slide exhibit the presence oi •lihizocXonia of spontaneous soil origin 
which could not be distinguished from that originating from the introduc.iid 
culture. 



Plate 0 . — A typical microscopic field of E, aolard mycelium from such 
growth as shown on slides in Plate 4. X 400. 
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Plate 8. — A smjill s(!lerotium of H. solani devolopiog betwecu particles 
in a tube of soil. X 75. 
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An attempt was also made to measure the growth of the inoculated fungus 
without fixing and staining the slides. Thus a core of soil bounded by the 
four slides (Plate 3) was placed under a direct light binocular dissecting 
microscope and the growth of the unstained hypha> followed through the soil 
from the line of inoculation. But although one could disc(*rn the Rhizoctonia 
hyphaa quite easily in the vicinity of the original inoculum, this was not 
possible near the extremity of growth, es|)ecially where the smaller younger 
hyphae of R, solnni were mixed with the hyphae of other soil fungi. Here the 
accumulation of mycelium was too confused to ])ermit one to distinguish 
Rhizoctonia under tlur low resolving pow(‘r of the dissecting microscope. 
The same difficulty occurred when the fungus was inoculated into tubes of 
soil subjected to various treatments. Plates 7 and 8 illustrate* how R. solani 
can readily be recogniz(*(l in situ among soil ])articles in tubes of soil examined 
under a dissecting microscope. Here again the terminal point of growth 



Plate 9. — A solerotium among mycelial growth of It. soUini on a 
Rossi -Cholodiiy glass slide taken from the soil. 


through such tubes cannot readily be determined, but this technique of 
study has been used by several other workers, including King, Loomis, and 
Hope (1931), as a guide to fungus-growth rate in soils of varying 
characteristics. An attempt to project the picture on slides to a screen was 
not successful, the reflected detail not being great enough to permit one to 
recognize the extremities of growth of the inoculated fungus in an accumu- 
lation of other organisms. Throughout this work, therefore, the terminal 
point of Rhizoctonia solani spread through the soil was secured by use of a 
combination of a No. 3 or No. 6 Leitz objective and a lOx ocular used in a 
reflected Ught microscope*. 

Results obtained. — 8u})plementing the author’s published (1942, 1943) 
discussions on the relation of soil conditions to growth of R. solani, the 
figures (1, 2, 3, and 4) illustrate further the value of the described technique 
in affording measures of fungus response under a range of soil conditions. 




GROWTH IN CENTIMETERS AFTER 3 DAYS GROWTH IN CENTIMETERS AFTER 5 DAYS 
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Fig. 3. — The influence of four forms of organic matter on the growth of the R.I. isolate 
of Rhizoctonia soluni in three English soils. Key to synihols : C. — (^introl (no 
organic matter); C.R. — city refuse; O. = grass ; F.V.M. -farmyard manure; 
A = Adco. 
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EXPERIMENTS IN POULTRY-BREEDING 

By Ernest P. Nielsen, New Zealand Dairy Board 
1 Pe.ce.i t ed fur jnihl lent ion, 23rd d nne, 1044 \ 


Summary 

From a W'hiti^ Leghorn, Black Leghorn, and Bantam hasc* involving hut 
three individual birds, four new breeds have l>een developeci that are breeding 
true for their distinguishing eharaeters, while a further four hrt‘eds are in the 
process of being tixed. 

The development of auto.sexing breeds from the same sourt'c has occurred. 
Auto.sexing has heim rtdatixely t-asy to Ox in stock carrying tin* barred iaetor. 

It has been clearly dcinon.strated that intense inhrcaaiuig can be carried 
on over at least six generations without in any way impairing the vitality of 
the progeny concerned, always provided that the nucleus stock posse.s.s such 
vitality. 

The many characters which combine to distinguish one hree<] from another 
(in this case those carried by the White Leghorn) can he fixed in subaeijuent 
generations by intense inbreeding, even when ei*ossed with otlu'i* breeds. 

The influence of eharaeters from the second breed may also manii’est them- 
selves throughout the generations. 

That an understanding of Mtmdelian laws of inheritanee makes it possible by 
selective breeding to fix particular eharaetiu’s and to eliminate others from a 
line of stock, 

“ Thirty years from to-day breeders ivill hardly believe that, even, as 
late as 1930 or thereabouts, people ivere so foolish as to think that 
selection for show points in cattle was helping to build up the correct 
17 * 
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sort of constitntion, or that Uceming of stud stallions was still done 
without any relation to progeny testing, or that there were countries in 
Western Europe where a system of selecting poultry based upon the 
production of indmuhial hens was forced upon the breeders by the 
Government. ’ ’ — HAGEDOonN( 1 ). 

Here in New Zealand at the dawn of 1944 Hagedoorn’s words regarding 
“ 1930 or thereabouts ” still apply in tlui general stuise to the breeding of 
our domestic animals and birds. As emphasized by a recent report on 
the improvement of dairy cattle in New Zealand, straight selection on a 
phenotype basis not only continues to dominate breeding methods, but also 
has signally faihsl to improve the efficiency of our dairy herds over the 
j)ast thirty years. Sheep, j)igs, and poultry are likewise bred with practi- 
cally no regard to the findings of modern genetics and on a basis which 
long experience, without the ne(‘d for scientific analysis, has shown to 
produce little change in the quality and characteristics of successive 
generations. Despite this, there is an increasing interest in applied genetics, 
and it is stimulating to find that the discoveries of Haged()orn(l), 
Punnett(2), and others in the feathered world can be practised at will with 
similar results l)y those who have the inclination. In this paper is pr(\sented 
the results of a series of breeding experiments which it is ho})ed may 
stimulate breeders not only of poultry, but also of other stock, to 
investigate tJie possibiliti<‘s of applying the princijdes of gemetics to 
practical anin labbreedin g. 

In 1935 it was decided to att(un})t the establishment of a bantam breed 
which would be the miniature of a White Leghorn. Th(^ nutdeus was found 
in a select linebred White Leghorn male, while his mate was a Bantam 
of a breed commonly found on farms* in New Zealand, but of which there 
is no record of identity or heredity. This bird showed the following 
characters : — 

Black hackle laced with silver. 

Body Feathers : Flecked grey and light brown, laced with white. 

Breast : Salmon. 

Low egg-yield, with strong tendencies to broodiness. 

The influence of the White Leghorn was very evident in the F^ generation, 
and has remained so throughout subsequent generations (Plate 1). As 
early as 1902 it was known that the white of the Leghorn b(;haves as a 
dominant to colour{2). Of the Fj progeny, one male and ten females were 
all white excef)t for a f(^w black feathers in some of the females. As was 
to be expected, body size was considerably raised over that of the bantam 
female, the F^ male weighing 41b. and the F^^ females 31b. — the latter 
being remarkably uniform. The egg-yield was raised to a reasonable level, 
and tendency to broodiness was almost eliminated — one hen only show- 
ing this character towards the einl of the second laying season. 

The F^ male was mated with the F^ females, and the resultant Fj 
generation ga ve the following progeny : — 

Three white; males showing brassiness. 

One white male showing slight barring. 

One white female. 

One white female with dark legs and skin. 

One cuckoo female with soft indistinct barring ; odd white feathers 
in the wing primaries. Yellow legs. 

One black female showing a few white-tipped feathers round the 
hocks. 
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It is iiitoresting to note that, although working with very small numbers 
through lack of space, the cuckoo or barred bird made its apj)earance 
•(F^, Plate 1). According to Puiinett(2), workers have long concluded 
‘‘ that the- White Leghorn is constitutionally a cuckoo, which is at the same 
time homozygous for the pigment-inhibiting tactor and thus wherever the 
White Leghorn has been crossed with a coloured brcuMl, cuckoo or barred 



Plate 1. 


birds have manifested themselves in the Eg generation.” Of this 
generation (Plate 1), three males were destroyed after having selected for 
breeding the one which most closely conformed to White Leghorn characters. 
This bird weighed 31b., while the weights of the females were ™ 

II). 

, 

2| (average) 

2 


Cuckoo . . 
White (two) 
Black 
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This selected F^ cock was tested for homozygosity for white by a mating 
with his Fo bJack sister (Plate 3). The resulting progeny all being white 
except for a few black feathers in the females permitted the conclusion that 
he was homozygous for th(‘ inhibiting factor upon which dominant w'hite 
depends. A possible' (‘xplaiiation for the odd black fc'ather in the h'lnale 
progeny has been providcMl by Piinnett(2) as due to the al)senct; of the s(^x- 
linked barring factor or other additional factors upon wdiich complete 
suppression of pigmentation def)ends. 

Mated thereai’ter to his wdiite F 2 ‘ sister, tlie resultant F.^ generation 
(Plate 1) produced thre<' white males and three* white females, the latter 
also showing the odd black feather. One femah* showed slight “ pih? - 
rust^ or light })rowm on the breast. The males particularly w(‘r(* out- 
standing in L(>ghorn character, but the bird seli'cted to l)reed from dev(*loj>(M] 
into a somewhat heavier sp(‘cinu*n than desirc^d, w(*ighing just over 4 lb. 
He was mated wdth his F^ sisters. 

Th(‘ F,j generation (Plate J) gav(‘ one white male of 2| lb. at maturity, 
thus bringing him into the bantam class wdiilst still conforming to the 
Legliorn idt^al in other respects. The s(*cond male (thert^ were iw^o only in 
this grou})) was wdiitt* and very lightly barr(*d. 

The three females, wdiit.e witli oc(;asional black featlu'rs, (‘oufornu'd closely 
to Leghorn ty|)e and laid w(‘ll. No records of laying ca[)a.(‘ity had hitfierto 
b(*en kef)t, and these (nily from 20th July till the end of January. One of 
the three was sick from 12th August till 4th 0(*tol)er, failing to j)roduce 
during this ])eriod. The average* was 119 (*ggs. This compares favourably 
with the j)roductjon of White Leghorns of tin* same ag(* for this pt*riod of 
the yc'ar. 

The generation (Plate 1) were ^In* result of mating the F^ whit(‘ male 
with his three white sisters. In this group there were three white males 
all well within the bantam raiige. Their mature weights were 2| lb., 2j 11)., 
and 2 lb. n*spectively. Four white females show(*d occasional l>lack feathers 
and body weights of 21 lb. each. Three other hunales showing slight " pile 
on the br(*ast were somewhat heavier than tlieir sist(*rs. For these r(*asons 
they were discarded from the breeding-pens. 

The two heavier males were mated in turn with three ol‘ the four white 
females. From the first male only four chicks were hatched from eight 
eggs, to f)rovid(* the ])r(*sent generation (F.., Plate 1). Om? female is a very 
light grey, while another white hvinaie has a black feather on the n(*ck; 
and the two ]nal(*s are all wdiiie. From the s(?cond male five chicks were 
hatched, and of these one male is white and very lightly barred, while the 
remaining four are wdiite. 

The third male and remaining female of this F. generation havc^ thus 
far produc(*d eight chicks which were all white, f^hey were hatched l)y a 
somewhat flighty hen and perished. This thii’d F^ male, having been proven 
homozygous for white, wdll now be used on his four sisters. 

These birds of the F^ generation (Plate 1) show^ no lapk of vitality and 
no diliiciilty has thus hxr been (ixperienced in rearing, in spite of brother and 
sister mating throughout the six generations. It is worthy of note, also, 
that through lack of space the bird.s have all been cage bred with no outside 
runs and only first-year birds have been bred from. 

Although the primary intent was to produce a white bantam of Leghorn 
type which even when fixed as a pure breed would only be of interest to a 
fancier, points of practical value have come to the surface in its evolution 
even thus far. 
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Development of Autosexing Breeds 

Through the introduction of a third outside* })ird, a Black Leghorn male, 
it has b(*.en possible to isolate and form the nucleus of at least eight distinct 
varieties, three of which are worthy of mention in some detail. One of them 
has showed itself an autosexing breed, whih* another promises to behave in 
a like manner. 

Autosexing, first dennonstrated by Punn<‘t and Pease, of the University 
of Cambridge, is of considerable practical significaiua*. 

The c|uestion arose, as to whether or not- tin* cuckoo (‘ondition could be 
easily fixed. TIk* (‘uckoo female from tin* g(‘neration (F^,, Plate 2, top) 
was mated back to her white sire of the F^ gemmation (see page 274, and 
Fj, Plate 2, to[)). Tliis mating resulted in two males with — 

AVliite silver hackh*, showing some grey teat htu’s. 

Ihick and bn^ast mainly whiU*, showing gn'v and a few brown feathers. 

Tail : (lu'v with some green feathers. 

Thiglis : Light barr(‘d. 

Showing f)arring in m'ck and saddh* liackle. 

L(‘g colour : Yellow. L(‘ghorn tyj)e. 

A third male was wliite and lightly l)arred, while a fourth was white. 

One iemah* 

\Vhit<‘ with a few black featlnTs. 

Two females — 

Black with \'ery light pe})pering on the body. 

Neck showing silver. 

(Sec* group A, Plate*. 2, for above birds.) 

Tlu* P, g(*neration of this liarred bre(‘d was om* (P^dj Plate 2) of the 
two males of which a des(*ription has b(*en provided altove mated back 
to tlie original F^. cuckoo female (P, Plate 2). The result of this mating 
was four males similar to their sire* Imt more definitely l)arr(*d (F^, Platen 2, 
bottom) : - 

V'ery slight odd l)rown shading on the wing bag. 

The main tail sickles were half white. 

The legs were yellow and motth*d with black. 

A fifth male was white and v(*rv lightly l)arred with yc'llow h‘gs, and may 
be des(.*ribed as ha\'ing a ty])ica.l AnR‘rica.n L(*ghorn head with a ])erfect 
cream lobe. 

There was only one female (F,, Plate 2, bottom), whicli had a soft grey 
barring with no white or black feathers. 

4'wo of the four darker males were destroyed without, mating, the otlier 
two f)eing used alternately with their sister. Ithght chicks w'ere hatched 
from th(' first, resulting in two barred mal(\s and .-^ix femah*s black with silver 
]K*p])ering (F.^, I'late 2, bottom). The s(*.cond male gavt* similar results. 
The white male has yet to be proven, but from previous experience there is 
little doubt but that he will prov(* liomozygous for the barring factor. The 
f)urpose in proving the darker males was })rom])ted by the desire to fix a 
breed where the barring was equally decided in l)Oth sexes. 

The result thus far witli this and a second barred line, to w^hieh reference 
will be made later, coincide with that which Punnett(2) has placed on record 
regarding the Plymouth Rock breed : — ' 

The Larring factor is to be regarded as a partial inhibition of pigment production, 
Norjiuil barred birds, such as Plymouth Rocks, are genetically full blacks to which t^e 
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barring factor has l)een added. The effect of this facto?' is to inhibit the production of the- 
black pigment, almost eliminating it in the light areas of the feather, and diminishing 
it in the darker?' ones. At the same time it prevents the pigment from appearing on the 
shanks. Breeders of I’lymoiith Rocks know that they frequently throw blacks, and 
that in sueli c;ases the Idacks are always liens with dark shanks. The frequency with 
which blacks appear is probably due to the fact that the fancy has decreed that the- 



Plate 2. 


cock shall be as far as possible the counterpart of the hen in the depth of pigmentation 
of the bars. This means that the show cock is usually hctoroy.ygous for the barring 
factor ; for the homo'/.ygous cock that has received the factor from both parents is too 
light for successful exhibition. The hen, of cour.se, is always heterozygous. Conseiiuently 
if the exhibition cock is used to breed from, we -Tnay look for black pullets among the 
offspring. 
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This cuckoo or barred line have been styled “ Personians,” and their 
pedigree is as under : - 

/ While l^errhoiTit^ 

\ Haniam i 
[ F, White J 


r 

Cuckoo Personian PjcJs 


Fi White J 


I 

I Cuckoo F 2 
Personian P j ? 


I Cuckoo F 2 

f F, White,X 
i Fj Wliitev 


I F, Whitey 

/ White Lt'yliorii^^ 
\ liautaniH' 
/white L€?ghom(^ 
\ Bantam , 


/ White Leghoi !i(J 
\ Bantajn > 

/ White liCgljoni;^ 
\ Bantam f’ 



Platk 3 . 

For the reasons already cited and because^ of tlie very marked differences 
between the white lightly barred male an<l the dark female, there is every 
possibility of fixing the Personian as an autosexed breed almost identical 
with another line — the “ Drybar/' which is already proven as autosexed 
in the generation. 
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Ill the proving of tfie Fo White male in the white bantam line it will be 
remembered that he was mated with his ¥., black sister (Fg, Plate 3, top 
left), which resulted in white males and females, the latter showing odd black 
feathers (Group B, Plate 3). The birds were very strong in Leghorn character, 
and in the hope of establishing a black line they were brother and sister 
mated. This resulted in two white mah's showing brassiiuiss and om^ black 
male heavily laced with white, or silver on tli(‘ neck and saddle hackle. 
There were thrcic whitt* females with odd bhu^k feathers and one female 
with a general soft grey barring witli a b‘w solid black feathers, legs, yellow 
(Group (', Plate 3). The l)lack male was mated with his sistc^rs, but th(i 
seven cliicks hatched were white with occasional l)lac‘k heathers. There 
being other morc^ iuter<‘.sting developments, this jnoject was dLscontiruied. 

This line, however, provided an imj>ortant bird in so far as tlx* autosexing 
Dry bar is concerned. The barred female (1%$, Plate 3) was mated to the 
second barred male (Pjc:?, Plate 3) produced from the original cuckoo Fo 
female when mated to her Fj white sire (see F, and F.,, top right, 
Plate 3b Only four chicks wen* hatched (F^, Plat(‘ 3, bottom) : — 

One whit(‘ male showing brassiness, very slight traces of barring on 
thigh and underparts of tail. L(‘gs, yellow'. Lobes, rerl and 
cream. Leghorn type. 

Two females : General soft grey barring wdth a few solid })lack feathers. 
Legs, yellow. Leghorn characteristics. 

The fourth was a jet-black f('inah\ 

The male was mated with liis ])arred sist<?rs, and of so, me forty chicks 
hatched all were barr(*d. 

Barred chicks are distinguishable at hatching l.>y a yellowish-grey patch 
at the back of the head in the occipital region(2). 

Twelve chicks are being reared — §ix of (‘ither sex, the males lieing tlx* 
counterjiart of their sin? and the f(‘niales of th(*ir dams (F^, Plate* 3, bottom). 
The difference in colour is very distinct at hatching, tlx* down of the male 
being decidedly lighter in colour. This w^as also the case with tlx* F^ 
g(;neration. 

The pedigree of the Dry bar is given below : — 


f Oixrkofl 
I Pj Dry bar 




[ Cuckoo Fa'v 


f White Fj J 
tWhite Fi^ 


W’liite Legliorii^^ 
liantaui-' 

Wlxte Leghorn.^' 
BantamV: 


j fWliite^^ 

I Cucikooi;’ ) 

1^ P i J.)rybar ' 

White$ 


f White F 

I 

7 

I 

1 Black F J.i 


r White 

I 

L Black F.^ 


r White FiJ 
b White Fi$ 

f White F jo" 
1 WhiteFjQ 

f White Fj,^ 

J 

b White Fj$ 
f White Fjf^ 
b White F 


/White Leghorn^:/ 

\ BautamV 

/ White .L(;ghi;rn,'^ 
\ Bantam ;■ 

J W'liite I^eghorn^^ 
b BantamV 
/ White Leghonif^ 
\ BantamV 

/ W'hite lieghorn^ 
\ Bantam f 
/ W'hite J^eghornc^ 
\ BantamV 
/ W h i te Leghorn ^ 
\ BantamV 
/White Leghonic^ 
b BantamV 


Development of ‘‘ Meekams 


Another important step was the fixing of a black line. No Fg black 
male having apyieared, the Fg black female (Fa?, Plate 4) was mated with 
a Black Leghorn male typical of his breed (IMate 4, top left). This Black 
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Legliorn introduced the third bird to the parent stock from whkdi all the 
lines have evolved — i.e., the Black Leghorn, tlie original White Leghorii 
male, and bantam femah*. 



Platk 4. 


The result of this Black Leghorn male X black female mating was 
five black males with gold feathers appearing in the ntK;k and saddle hackle 
(Group D, Plate 4). Four were destroyed prior to tluj full development of 
colour. The male kept to breed from was heavily laced gold and silver. 
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All these males had yellow legs. There were two jet-black females in 
this group with slate legs. The eggs were counted from these two birds 
from 20th August to 30th December, during which time they averaged 
92 eggs. Mated to their brother, only four chicks were njared, three males 
and one female (Group E, Plate 4) : — 

One black male— - 

Heavily laced with light gold. 

Breast : Pure black. 

Hock : Smudged light. 

Tail : Black and light at base. 

Legs : Pure yellow. 

One black male— - 

Heavily laced with white or silver on neck and saddle hackle. 

Tail : Black and showing beetle green. 

Breast : Black with odd white fleck. 

Legs : Black. 

The third male was j(‘t black with odd gold heathers. 

The f(*male was also black. 

These black lines have been bnal on and hav<^ givmi rise to two oth(*.r 
distinct lines in addition to a third, which appears fixed, and for that r(‘asou 
will ])e dealt with hen'. 


In the grou]) of birds (Group A, Plate 4) produced from the Fg cuckoo 
(previously referred to) mated to her Fj[ white sire there wi'n* two black 
temales showing silver on the ne(;k with very light pep})ering on the body. 
One of th(?se birds was matt'd to^ tlm heavily lacerl silver ov(vr blade male 
from the black line (Pjo and P^V, Plate 4). This resulted in a pair of birds 
identical with tluir ])ar(mts. [n a second pair from the same mating 
the male has a neck hackle with the top black arid heavily la.(*ed silviT. 
The bottom of the hackle is black laced with gold (F,, Plate -1, bottom). 
Gold is also showing in the saddle hackle. The wing bay is black and 
splashed with white and gold. The female is jet black wdth a ])epp('ring on 
tin* to].> part of the n(*ck. 


The lu'avily lae(Ml male w-as mated with his sister and then' are two males 
and six female.s idenlieal with their ])arents (F 2 , Plate 4, bottom). Tlu'se 
have b(*en styled Meekhams. 


The pedigree of the Pj generation is as follows : — 


Meekanis 


Blaclv^ 


f Black Silver^ 


_ BlackV 


( Black lx‘ghorn^:J 
I Black Fa? 

( Black Lc'ghone^ 

I 


Black F, 


f 


White Ficj 


I Black Silver? 

I F , 


/Whitt5 Leghorn 
\ Bantam? 


i'-' 


Cuckoo F 2 ? 


I* White F 


i White Fi? 


f White h\rS 

twiiiteFV, 


f White Fi(J 
1 Whiti.* F 1 ? 


/White LeghorneJ 
/Bantam? 

/White LeghorricJ 
\ Bantam? 

/ Wh i te Leghorn,^ 
\ Bantam? 

/VV'hite Leghornj^ 
\ Bantiim? 


/White i^eghornd' 
\ Bantam? 
/White Leghorn^ 
\ Bantam? 
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Discussion 

These experiments were not designed to study the genetics of poultry 
and should not be regarded in any way as aiming at such an objective. 

The number of breeds with which it has been possible to deal rules out 
any attempt at genetic analysis. Eather should tlu^y be regarded as a 
back-yard ” demonstration of the possibility of aj)plying existing knowledge 
of genetics to the development of domestic stock. 

The experience with inbreeding without the appearance of any recognizable 
deleterious effects, but rather with an increase in the reliability of breeding 
animals showing high vitality, is in itself of considerable inti^rest. The 
relative ease with which so many distinct lin(‘s or new breeds ” have been 
either cmtirely or partially developed has its lesson for the stud breeder. He 
is limited in his operations by [)opular concept s of “ ])urebred ” which prevent 
him from introducing new characters through crossing likely to l(‘ad to 
impro-vement over existing types. 
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STUDY OF A YELI.OW-GREY LOAM IN THE 

MANAWATU 

By C. V. Fife, Massey .Agricidtural College, Palmerston North 

\I{eccive<l for ‘puhJication, 7Sfh Sejdember^ 

Summary 

The morpliology and field eharaeieri.stics of the soil are d(*s( ribed. 

The analytieal data revtral the satisfactory base content of tire surfac(^ soil 
under rain ftmest, but point to a !nark<‘d reduction in the base exchange capacity 
and an increase in unsaturation in soils from wliich the; forest has lieen cleared 
for a eonsideralile numlier of years. 

Iron has moved downwards in the profile, ami it is concluded that the 
greater part of this iron has bc<*ome .segregated in the concretionary material 
wdiich is mainly concentrated in the upper portion of th(‘ B horizon. 

The work reported iii this paper was initially undertake*!! in 19.‘18 with the 
object of supplementing the meagre information then available concerning 
the soil type on which the Massey College sheep-farm is situated. Mapping 
of th(*- genetic soil types in the Manawatu had not at that time been com- 
menced by the Soil Survey Division, but a general survey of the district was 
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initiated in May, 1939, as part of the general survey of the North Island 
(now completed). After an interruption of several years the work reported 
here has recently been brought to its present stage. As the soil typ(i involved 
falls within the new group of yellow-grey loams,* the results may be of more 
general interest than would oth(U'wdse have been the case: The data presented 
consist principally of chemical analyses carried out on a limited number of 
samples collectiMl at Massey College and elsewhere in the district on the same 
soil type. Considerably more work would be necessary to establish w^hat 
constitutes the typical profile from a (Jiemical point of view, l)ut the results 
obtainiul to date throw some light on the nature of the soil processes in volved. 

The soil type under consideration has devedoped under a heavi(‘r forest 
cover than is normal for the yellow-grey loams, and the profiles described 
have been influenced to the present day, or until recently, by a rain forest 
association. They have developed on th(‘ broad, flat, poorly drained terrace 
wdiich lies between tlie foothills of the Tararua Range and the Manawatu 
River. Jliis terrace forms part of the maritinu^ plain resulting from the 
coalescence of the fans built up by tin? Pohangina., Manawatu, Oroiia, 
Rangitikei, Turakina, and Wangaehu rivers. The wdiole area is r(*pr(‘sent(*d 
on Morgan’s geological sketch map of New" Zealand(2) as composed of R(‘cent 
and rieistociuie alluvial deposits overlying Rliocein? miKlstonc;. A comjiaratividy 
late uplift has allowtal the rivers to excavate the old Ians, resulting in the 
production of valley-plain terrac(‘s. The compact river alluvium on wdiich 
the soils described have devcdoped is derived in part from the greywiick(' 
and Tertiary niudstone of tin? main divid<‘, but considt^rable projiortions of 
the parent mat(*rial may have betni transported by tin* Manaw'atu River 
from the eastern side of the ranges. 

Th('. average local rainhill based on observations madt^ over the past 
thirteen years at tln^ Mass(' v College and Plant Researcdi Bunuiu meteorological 
station is 38 in., varying between the limits of 32 in. and 51. in. The number 
of wet days each ytnir lies between 150 and 190. The mean temperature is 
55"^’ F., and the mean maximum temperature is 02° F. 

The two Massey College profiles described were selected from a sit(‘ still 
carrying remnants of tlui rain forest*)* which formerly covered the entire 
area now constituting the college sheep-farm J. Prior to 193() thick bush 
covered this site, although stock had damaged the underscrub and grass 
had l>ecome established under the trees. In February, 1936, the bush w"as 
severely damaged by a full gale, and Avhen the profile sam})les w"ere taken in 
1938 only scatten^d trees of taw^a, mahoe, titoki, kawakawa, and Hedycarya 
remained. Grass had become firmly established and the area had been 
grazed, but, as far as was possible to ascertain, had not been top-dressed 
with lime or fertilizers. 

* The yellow-grey loains «ire reported(l) as being “ confined to the lower rainfall 
areas (35 in, to 50 in.) of Hawke’s Bay, Wairarapa, and Manawiltu, the native vegetation 
being light forest, scrub, and bracken fern. They are formed largely from calcareous 
mudstone and argillactunis sandstones. The true yellow-grey loams are fertile soils 
with a higli pH and are well saturated with bases”. .Dixon (private communication) 
states that the soil tyj)e described in the present paper is included among the poorer 
types of yellow-grey ioain on the soil map of the North Island now prepared for 
publication by the Soil Survey Division. 

t A8ton(3) has notijd the following association in virgin forest in the Esplanade 
Gardens, Palmerston North, which appears also to be fairly typical of the forest which 
formerly covered the older terrace soils : “ tawa, pukatea, and white-pine, with small 
forest and underscrub of titoki, kaw-akawa (Piper), lacebark ('//oAcna lanceohda), 
Shefflera, mahoe, Coprosma grandifoUa, C. robusta, wineberry, Oenioatoma, Aristotelia 
racemoaa, Ihdycarya, ferns and epiphytes ...” 

J in 1880, according to the records available on the early history of the property, 
this area w^as still under heavy bush, mainly tawa, kahikatea, and pukatea. Felling 
and burning of the bush was commenced soon after this date. 
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Further studies have hetui made on the same soil tvpe at Aokautere. 
The site selecLai here, as far as is know'ii, is tlie onh' remahiin^ portion of 
level terrace in tlu^ district still under bush, a]jart from a verv usstrieted area 
in Anzac Park, PalnuTston North. Stock have had some access to the area. 



Fig. 1. — Typical soil profile at Massey College. The photograph ^^'as taken in a road 
cutting in the vi(*inity of Massey Colk^gc some six months after the cutting was 
made. The approximate depth of the solum at this point is 27 in. 


Field Characteristics and Morphology' 

The soils described have poor surface and inttvrnal drainage. On un- 
drained pasture land the soil remains excessively w^et throughout the winter 
and early spring for a coFitinuous period of about five months, but in the 
late spring evaporation and transpiration become sufficiently active to cause 
a gradual drying out of the profile, a condition which j)ersists until the late 
autumn. While no comparable observations have be(*n madt* on the soils 
under bush, the rusty-mottled subsoil characteristic of a seasonal water- 
logged condition is a constant attribute of these soils. The reduced iron 
colours associated with a more intense anaerobic condition are absent. 
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The development of the soil profile at Massey College appears to be 
generally uniform. Apart from slight variations in the depth of the profile, 
the main morphological variant is the extent of concretionary development 
in the subsoil. In some profiles concretionary ironstone assumes considerable 
proportions, and in others appears to be entirely lacking on superficial 
examination. There is no sharp differentiation into horizons within the 
profile, and the sampling depths selected for profile 1 and profile 2 were 
based mainly on differences in compaction, as estimated by relative ease of 
digging, and on the distribution of concretions. Figure 1 is indicative of the 
typical profile at Massey College. The grey A 2 horizon reported(4) to 
develop in some yellow-grey loams is not apparent in the profiles examined, 
but the grey topsoil gradually lightens in colour with depth due to the 
decreasing content of organic matter and at the same time develops a yellowish 
tinge. In the two Massey College profiles this lighter-coloured zone was 
sampled separately for the })ur})ose of applying chemical tests as an aid to 
identification. It has been designated the A-B horizon to indicates its 
transitional nature. Earthworms are plentiihl under tin* rain forest vc'geta- 
tion, and the thorougli mixing of the surface layers resulting from their 
activities is a factor o})erating against the development of defined horizons 
in this part of the profile. 

Profile. 1 was selected as representing a })Osition in which little concre- 
tionary iron had formed, whereas profile 2 was selected on the grounds of 
considerable concretionarv development. The two profile pits were situated 
only some 10 yards apart. In profile 1 the samples were taken covering the 
full deptli of each lay(*r ; successive 4 in. depths W7*re sampled in the C 
horizon for sul)S(K]uent t(ssts as to uniformity. In ])rofile 2 an attempt w’^as 
made to sample only tin* most ty})ical j)ortion of the several lava^rs. 

A divseription of profile 1 follows.' The colours described are tli 08 (i of 
the dried-out profile : — 

Tkofilk 1 (Massey College) 
lIorizDn. { Oopth. I Dt*«criptloii. 


A 

A-B 


B 


B 


B-C 


C 


Til 
{)-U 
4 ^- 1 1 


11-17 


17-23 


23-30 


30-34“] 

34- 38 

35- -42 y 
42-46 
46-50 ) 


Gr(\v friable granular loam. 

Light-grey friable loam. Yellow tinge developing with depth 
and granular structure becoming less pronoVinood. tSome 
mixing of materials from adjacent layers by earthworms. 
Occa-sional small ironstone eonoretioiis present. 

Creamy-grey loam with strong rusty-brown mottling, Gon- 
sisteiiee : compact when dry, plastic and sticky when wet. 
A small d(;velopmout (considerably greater than in tlu^ 
preceding layer, however) of hard, irregular, but roughly 
rounded iron concretions ranging uj) to | in. in diameter. 
Soft incipient concretions also present. 

(k’earay-grey clay loam with rusty-brown mottling. Om- 
siskmix? : c'ompact when diy, sticky and plastic when 
moist. Appears to be the main water- holding layer. No 
obvious concretionary development, but pinhead size 
ironstone granules lieeome apparent when the moistened 
material is rubbed in the hands. 

Greamy-grey loam. Mottling more diffuse and lighter in 
colour. Bceoining less compact than previous layer and 
easier to dig. No concretions. Transitional. 

Grcamy-grey fine sandy loam. Mottling as in preceding 
layer. Small quantities of vivianite present, but localized 
in vicinity of old roots. 
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Profile 2 is essentially similar to profile 1, but there is a* considerably 
greater development of concretionary ironstone in the upper B horizon. 

Boots of forest trees penetrate throughout both profiles, but are largely 
confined to the surface layers. The bulk of the grass roots is concentrat(‘d 
in the A horizon. The colour of the air-dry “ fine earth varies from grey 
to light grey in the A horizon, depending on tlu^ organic matter content, to 
a lighter grey with a yellowish tinge in the A B horizon. The B horizon is 
predominantly yellow. The C horizon is also yellow, but pa](U- than the B 
horizon. 

The studies made on the soil at Aokautere were carried out with the 
primary purpose*, of confirming certain observtaions made on the Mass(vy 
Colh'ge soil in respect of th(‘ base status of tlie surfae(^ horizon. One 
profile only was examined. A brief profile description follows : 


Uiiorn.K 'A (Adkactekk) 


Hori/.oii. 1 

! 

Depth. 

I D<"K<-ripti()ii. 


1 111. 

j 

Ao : 

o-i 

I Loo.^je litter of iind('e()ni]K)Bed leave.s overlying dark granular 
Imiiius about J in. thick. 

A 

4-5 

Light grey loam exhibiting nutty struct nre. 

A-IJ 

(Vii 

Lighter grxy loam. 4'he yellowish tinge noted in this layer 
in the Massey (*olh*ge profiles is less obvious. A small 
number of iron eoiuretions {• in. in diameter), with 
occasional larger ones up to ;) in. diameter, present. 

11 i 

i 

1 

12--1S 

i i 

Creamy-grey loam \> ith rn.sty -brown mottling, (’■oneretionary 
dev<‘lopnient somewbat more (‘xtensive than in previous 
layer. 

B 

i ll)-2fi ' 

! 

Creatny-grey clay loam with rusty mottling. This layer 
contained a largt^ tmml>ei’ of earthworms and was still 
quite moist, while the upper portions of t he profile bad 
dried out very thoroiigbly eonseipiont on a pi’olongcid spell 
of dry w<*ather. 

B-C 

27-32 

Creamy -grey loam. Ia'ss e(>ini)aei than preceding layer. 


Discussion of the Laboratory Daia* 

(i) ^Mechanical Coni posit ion. — Tlu^ textural development in ])rofiles I 
and 2 is comparable with that of other Massey College profiles previously 
described by Hudson and Fife(5). In Table I mechanical analyses for 
profile 1 are presented. Those for profile 2 correspond very closely. Th(‘. 
virtual absence of coarse sand is worthy of note. In some horizons this 
fraction is mainly ironstone, A similar distribution of sands is to be found 
in the soils of the Massey College dairy-farm, situated on the pr(*s(mt-day 
river-flats. Aston((;)) has stated that coarse sand is not present in amounts 
greater than 4 per cent, in most of the land bordering tlu> Manawatu River. 

Concretionary ironstfine is the only material retained by th(' 2 mm. 
sieve. The 11 in. to 17 in. layer in profile 1 contained 3 per cent., while 
the 11 in. to 16 in. layer in profile 2 contained 20 per cent, of ironstone 
concretions above 2 mm. in diameter. 


* UnlcBS otherwise indicated, all percentages are calculated oti oven-dr}^ “ fine earth.” 
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(ii) Organic Carbon and Nitrogen . — Table I shows the progressive decreasf^ 
in organic carbon and nitrogen throughout profile 1. Profile 1 is characterized 
by a particularly high organic matter content in the surface soil. The loss 
on ignition data for profile 2 showed a similar general distribution of organic 
matter with depth in this profile, but the surface soil contained considerably 
less humus. The loss on ignition figures for profile 3 coincided closely with 
those presented for profile 2. 

A preliminary survey of the area from which the profile samples at Massey 
College were taken revealed considerable variations in loss. on ignition in 
the surface soils from j)oint to point. With respect to the organic matter 
content of the surface soil, profiles 1 and 2 appear to represent extremes. 
The average value leased on loss-on-ignition figures for the soil at Massey 
College and elsewhere lies closer to that found for profile 2 (10*6 per cent. 
Igss on ignition) than that found for profile 1. 

(iii) Soil The wide differences in pH observed under rain 

forest associations iK'ar Dunedin, due to the influence of individual forest 
species on the soil iriv their immediate vicinity, have been remarked on by 
Thomson and 8impson(7). The pH of the soils examined under mahoe 
and kahikatea, both of which are of interest from the point of view of the 
present study, either decreased with depth or remained uniform, whilt* 
under Nothofagus menziefiii associations the surface soils W(*re generally tln^ 
most acid. 

The presence of a surface pH mosaic in the vicinity of the profile sites at 
Massey College was indicated by the range of values (pH r)*2-f)*9) obtained 
for a series of samples taken at random from this area. Further evidence 
is affcmied by the pH values presented in Table IV for the soil under rain 
forest at Aokauter(\ Whih' animal droppings cannot be neglected as a 
contributing factor, this variation in surface pH must largely b(» due to the 
influence of th(^ forest cover. No attempt has, however, been made to 
determine which pH values are characteristic of individual species. 

The change in pH with depth in profiles 1 and 2 is shown in Tables II 
and III. In profile 1 a marked increase in acidity occurs in passing down 
the profile, followed by a decrease in the C horizon. In profile 2, after a 
slight decrease in the A -B horizon, the acidity again reaches its maximum 
in the B horizon, but the profile as a whole is less acid. In profile 3 a similar 
trend in pH was found, but the gradient was less pronounced. In the light 
of the pH values obtained for the random soil borings on the site of the Massey 
College profiles, profiles 1 and 2 typify a moderately high and a moderately 
low degree of acidity with respect to their surface horizons. 

The general tendency towards an increase in acidity with depth has also 
been noted under rain forcist in Anzac Park, Palmerston North, on the same 
soil type and on a recent alluvial soil under rain forest in the Esplanade 
Cardens, Palmerston North. Both areas are uninfluenced by stock and 
carry a layer of forest litter. On the latter soil in some cases, however, the 
pH remained fairly uniform with depth. Further evidence of the presence 
of a surface pH mosaic was also obtained from these soils. 

(iv) . Base Status . — Little published information is available on the ash 
content of the leaves or the base status of the litter from the main forest 
species characteristic of the localities under consideration. The leaves of 
mahoe possessed the highest ash content of the forest trees investigated by 
Thomson and Simpson(7), and the leaves of kahikatea also possessed a high 
ash content in comparison with those of some other conifers. No corres- 
ponding data are available for tawa and pukatea, Taylor and Dixon(8) 
state that the litter of dicotylus trees such as puriri, kohekohe, and taraire 
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Table I. — Mechanical Analysis, Loss on- Icnition, and Distribution of Organic 
Carbon and Njlti^gEn in Profile 1 
(Frmiiimsidi'icd at 10/)^') 


‘ Soil No. 

, 

Horizon. 

Depth. 

Coari^^ 

Sand. 

Fine 

Sand. 

Silt. 

Clay.* 

Lohh 

on 

ignition. 

Total 

C. 

Total 

JN. 

C/N 

Ratio. 




Per 

Per 

Per 

Per 

Per 

Per 

Per 




In. 

(^ent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 


T ir>6 . . 

A .. 

0-4l 

0*4 

46*3 

19 1 

20-5 

18-2 

9-4 

0*57 

14*1 

T 157 . . 

A~B 

41-11 

0-5 

50-9 

21-4 

23-5 

5-5 

2-9 

0*22 

13*4 

T J58 . . 

B .. 

11-17 

0*5 

52*5 

22-4 

25 1 

4-1 

1-5 

0*11 

13*3 

T 159 . . 

B .. 

17-23 

0*7 

50-5 

21-3 ! 

28-8 

3-5 

0-5 

0*05 

9*5 

T KiO .. 

B-C 

23-30 

01 

54 0 

20-5 1 

25-8 

30 

0*2 

0*04 i 

5*0 

T 151 . . 

C .. 

30-34 

01 

55-5 

20-2 

23-7 

2-8 




T 152 . . 

(.: .. 

34-38 

01 

1 58-2 

20 -9 i 

21-5 

2-7 




T 153 .. 

c .. 

38-42 

0-1 

58 1 

21 1 

21-5 

2-5 




T 154 .. j 

c . . 

42-45 

01 

50 1 

20-5 1 

21 -1 

2*5 




T 155 . . I 


45-50 

01 

50-5 

20-3 

20 -5 

2*5 





* Including seaquIoxideH dissolved in prcdrcatinent. 


Table IT. — Base Status and Keaction in Profile 1 


Soil No. 

Horizon. 

Depth. 

JOxchai 

Ca. 

igeable ( 

Mg. 

'atlons. 

H. 

"rt 

ij 

sti 

Proper 

Total 

preneu 

Ca. 

lion of 
JiascH 
t an - 

Mg. 

>> 

II 

05 

f. 

y, 

W 

Base 

Saturation. 

pH. 




in.e. 

m.e. 

m.e. 

m.e. 



m.e. 






per 

])er 

per 

per 

Per 

Per 

per 

Per 




In. 

(Jent. 

(*ent. 

(’ent. 

(■ent. 

C'ent. 

Cent. 

Cent. 

Cent. 


T 155 . . 

A 

041 

17-3 

5 • 5 

14*3 

24*8 

70 

25 

39*1 

53 

5*5 

T 157 . . 

A-B 

44-11 

4*2 

2*4 

101 

7*5 

55 

32 

17*7 

43 

5*1 

T 158 . . 

B 

li-17 

1*5 

1*7 

9*3 

3*5 

44 

47 

12*9 

28 

4*7 

T 159 . . 

B 

17-23 

20 

2*9 

8*4 

4*9 

41 

59 

13*3 

37 

4*5 

T 150 . . 

B-f^ 

23-30 

2*7 

4*3 

7*5 

7*0 

39 

51 

14*5 

48 

4*5 

T151 .. 

C 

30-34 

3*7 

5*4 

5*8 

9*0 

41 

59 

14*8 

51 

4*9 

T 152 . . 

C 

34-38 

3*9 

5*0 


9-8 

40 

60 



5*0 

T153 .. 

C 

38-42 

4*3 

6*7 


10*9 

39 

61 



5-1 

T 154 , . 

C 

42-45 

45 

6*8 


11*3 

40 

60 1 



5*2 

T 165 . . 

C 

45-50 



•• 



i 



5*2 


Table III. — Base Status and Reaction in Profile 2 


Soil No. 

Horizon. 

Depth. 

Exchangeable Oationa. 

Total 

Exchangeable 

Baae??, 

Proportion of 
J'otal Buhcs 
preaent a.s — 

Exchange 

Capacity. 

1 

Rase 

Saturation, \ 

pH. 

Ca, 

Mg. 

H. 

Ca. 

Mg. 




m.e. 

m.e. 

m.e. 

m.e. 



m.e. 






per 

per 

per 

per 

Per 

Per 

per 

Per 




In. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 


T 84 .. 

A 

0-41 

11*4 

2*9 

4*8 

16*4 

70 

18 

21*2 

77 

6*4 

T 85 .. 

A-B 

8-11 

3*7 

2*3 

3*2 

6*6 

56 

35 

9*8 

68 

6*5 

T86 .. 

B 

11-16 

2*6 


3*6 

6*3 

40 


9*9 

63 

5*8 

T 87 . . 

B 

18-21 

2*2 


7*0 

8*4 

26 


15*4 

56 

51 

T 88 .. 

B-C 

25-29 

2 4 

5*1 

6*2 

9*6 

25 

53 

16*7 

61 

6-1 
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contain more lime and potash than kauri. The alkalinity of the litter ash 
places the trees investigated by these workers in the order puriri, taraire, 
rimu, kauri. They state that puriri gives rise to the most fertile soils for a 
given parent material. It appears from the foregoing that the indigenous 
large-leaved dicotyledons in general produce a litter of high base status. 

The distribution of the exchangeable bases* in profiles 1 and 2 (Tables II 
and III) is indicative of the favourable balance existing between the loss- 
and return of bases in this soil type. The satisfactory base status of the 
soil under the bush at Aokautere (Table IV) is further evidence of the 
fertility engendered by the forest cover. 

The high Mg/Ca ratio found throughout the profiles has, according to 
Dixon (private communication) been noted for other yellow-grey loams. 

While, as far as could be ascertained, no lime had been applied to the 
area from which the Massey College soils were taken, it was impossible to 
obtain incontrovertible evidence on this point. The site at Aokautere was 
therefore selected as being definitely free from such influence. Samples 
K 1, 2, 3, 4 (Table IV) were taken from positions under the bush carrying a 
forest litter, and the Mg/Ca ratios in these soils closely resemble those found 
at Massey College. The remaining Aokautere soils also exhibit a similar 
Mg/Ca ratio, even though the individual amounts of these bases vary within 
wide limits. 

Samples K 6 and K 8 from Aokautere (Table IV) were obtained from 
positions resembling the profile sites at Massey College. Sample K 7 was 
taken from a position which had remained damp throughout an exceptionally 
dry summer. The soil in this position was characterized by rusty staining 
right up to the surface. Samples K 9, 10, II, 12 were obtained from un- 
ploughed land away from the bush carrying a surface-sown pasture and 
an abundance of rushes (Fig. 2). It is not precisely known for how long the 
bush has been cleared from this area, but fifty years may be taken as the 
approximate ptu’iod. It will })e noted that these four samples possess a 
low exchangeable base content, a low exchange capacity, and a low saturation 
in comparison with the soils still influenced by bush. Comber’s(ll) test 
for lime requirenuiut seems to correlate satisfactorily with the base saturation 
on this soil type, and exploratory work with the aid of this test at Aokauterti 
and on unploughed and unlimed land near Massey College indicates tliat 
soils from which the bush has been cleared for a considerable number of 
years show a general increase in unsaturation. A base saturation of over 
60 per cent, is commonly regarded as an indication of a fertile soil. On the 
evidence available it would appear that the soil type under consideration is, 
on the average, adequately saturated at the time of removal of the bush, 
quite apart from the increment of bases received as a result of the bush burn, 
whereas 40 per cent, seems to represent the average saturation in the top 4 in. 
or 5 in. on unploughed and unlimed land which has been surface sown 
following the original bush burn. A definite lime response is observable on 
these pastures. No chemical studies have been made on profiles away from 
the bush, but the comparatively low figures for the individual bases in samples 
K 9, 10, 11, 12 point to considerable losses of calcium and magnesium from 
the surface soil. It is reported(l2) with reference to the soils of Hawke’s 
Bay that “ the forest humus raises the fertility above that of soils formed 
under light scrub vegetation, but the advantage of a former forest cover 

♦ Neutral N— ammonium acetate was employed as the leaching agent in the deter- 
mination of exchangeable calcium and magnesium. The total exchangeable bases were 
determined on the ammonium acetate leachate by the method of Bray and Willhite(9). 
Parker’s barium acetate raethod(lO) was employed for the determination of exchangeable 
hydrogen. 
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does not last more than fifteen or twenty years.’’ On the basis of the 
limited evidence available, this appears to be substantially true for the 
soils imdei: consideration. 

(v) Nutrient Status , — No citric-soluble potash and phosphate deter- 
minations have been carried out, but use has been made of Spurway’a 
method{13) for a rapid assessment of available plant nutrients. Dixon and 
Metson(14) have found a high correlation between the results obtained by a 
semi-quantitative modification of this method and citric-soluble potash 
for many New Zealand soils. All of the forest soils examined in the course 
of the present work are well supplied with potash in the surface horizon. 



.Fio. 2. — The site from which the Aokautere samples were taken. 


The potash status of soils uninfluenced by bush for the past fifty years or so 
is lower, but generally still adequate. The available phosphate status of 
the surface soils from under bush varies from moderate to low, whereas that 
of the soils away from the bush is generally low. 

(vi) Composition of the Clay Fraction . — The analyses of the clay fractions 
from profile 1 are presented in. Table V. Iron has been lost from the clay 
fraction in the A horizon, and the trend in the Al 2 03 /Fe 2 03 ratio shows 
that iron has been affected to a greater extent than alumina. The data do 
not, however, peirmit a decision to be reached as to whether alumina has 
moved in the profile ; the clay fraction in the parent material is more siliceous 
than that in the A and B horizons, and it is not known whether the minimum 
value attained by the SiOg/Al^Oa ratio in the B horizon reflects an accession 
of alumina or a relatively greater loss of silica from the clay fraction in this 
portion of the profile. 
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Table IV.— Base Status, Reaction, and Loss on Ignition for Twelve Soils from Aokatjtbrb 

(Samiding depth, 0 in. to in.) 


Soil 

No, 


K1 

K2 

KS 

K4 

K5 

K6 

K7 


K8 


K9 

KIO 

Kll 

K12 


Description of Site, 


[Under rain forest! 
^ Litter present ' 


Under trees. Surfa(5e • 
sown pasture present] 
Poorly drained posi- 
tion carrying sur- 
face-sown pasture 
and scrubby bush. 
No large forest tree 
in immediate 
vicinity 

Open bush. Surface* 
sown pasture present. 
Similar to profile sites' 
at Massey College 
f Uncultivated land, 

I away from bush, 

-i carryingsurface- } 

sown pasture. | 

Rushes abundant J 


Excliaugeable Cations. 

TotAl 

Excliange* 

abio 

Bases. 

Proportion of 
Total Bases 
present as— 

Exchange 

Capacity, 

Base 

Saturation. 

pH. 

Loss 

on 

Ignition 

ua. 

Mg. 

H. 

Ca. 

Mg. 

m.e. 

ra.e. 

m.e. 

m.e. 



m.e. 




per 

per 

per 

per 

Per 

Per 

per 

Per 


I’er 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 


Cent. 


Cent. 

9-9 

4*4 

7*7 

16*3 

()1 

27 

24*0 

68 

6*1 

12*8 

10 -4 

7*0 

8*2 

26*8 

61 

26 

35 0 

77 

6*3 

17*5 

9-2 

3*9 

9*1 

14*2 

65 

27 

23*3 

61 

5*9 

13*1 

15-6 

,5*9 

8*9 

23*2 

67 

26 

32 1 

72 

6-3 

15*4 



U*3 

10*4 



21*7 

48 

5*9 

10*5 

17-2 

3*8 

8*8 

22*3 

77 

17 

31 1 

72 

6*6 

14*2 

2-8 

M 

11*7 

3 ‘9 

72 

28 

16-6 

25 

5*3 

9*5 

11-3 

4*8 

8*6 

16*7 

68 

29 

25*3 

66 

6*4 

12*0 

4*2 

1*6 

9*2 

5*7 

72 

28 

14*9 

38 

5*6 

10*8 

3*8 

1*7 

12-3 

5*7 

1 67 

30 

18*0 

32 

5*3 

13*7 

5*1 

2*3 

10*4 

' 7*4 

69 

31 

17*8 

42 

5*5 

13*8 

5*3 

1*9 

8*9 

7*1 

74 

26 

16*0 

44 

5*7 

11 *0 


Table V.— Composition* of Clay Fractions from Profile 1 


Horizon. 

Depth. 

SiO*. 


FesOj. 

TiO,. 

Mo 

SiOi 

lecuIuT Rn 

8iOa 

itio'i. 

A1 -0, 

SiO, 

AltOj + FesOa 

AlaO, 

FejOa 



Per 

Per 

Per 

Per 






In. 

Cent. 

Cent. 

Cent. 

Cent. 





A 

0-4i 

58*02 

31*00 

9*62 

1*46 

2*66 

3*18 

5*10 

16*22 

A-B 

4}~ll 

55*50 

.32*30 

10*64 

1*56 

2*32 

2*92 

4*76 

13*90 

B 

11-17 

53*89 

31*55 

13 03 

1*53 

2*29 

2*89 

3*80 

10*98 

B 

17-23 

54*02 

30 .38 

14*00 

1*60 

2*33 • 

3*02 

3*40 i 

10*27 

B-C 

23-30 

66*91 

28*25 

13*26 

1*69 

2*63 

3*42 

3*34 

11*42 

C 

30-34 

56*96 

27*55 

13*93 

1*56 

2 *.65 

3*51 

3*10 

10*88 

C 

34-38 

67*18 

27*70 

13*62 

1*50 

2*67 

3*60 

3*19 

11*17 

C 

38-42 

67*81 

27*18 

13*50 

1*61 

2*74 

3*61 

3*17 

11*39 

C 

42-46 

67*88 

27*13 

13*49 

1*60 

2*76 

3*62 

3*15 

11*41 


♦ Composition expressed as percentages of amounts of conetituenta determined, 

Note.— T he clay fractions were prepared using a time-depth ratio of 8-6 cm./24 hours. 
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(vii) Free S€squioxides.--^*6\)\e. VI shows the amounts of free sosquioxides 
extracted in different parts of profile 1 l)y Tanini’s(15) acid oxalate solution. 
While the soil under considt^ration is admittedly too lieavv to give very 
reliable values with this method, the results of)tained may be regarded as 
providing some information concerning the ndativc* distribution of free 
iron and alumina throughout the profile. Viewed in conjunction with the 
observations made on the colour of the K 2 ();i precipitate, the figiir(‘S show 
that more free alumina is present in the A horizon than in the B, suggesting 
that there is no marked tendency for alumina to move downwards. The 
virtual constancy in the total amounts of free sesquioxides extractcMl 
throughout the dej)th of the solum does. not re])r(‘s<Mit the true jiosition with 
respect to iron. As will be shown, considerable amounts of free iron are 
segregated in the concretionary ironstone j)resent in the B horizon, and the 
Inilk of this has been remov(‘d from the soil prior to analysis. Furthermore, 
the smaller ironstom^ granules which pass the 2 mm. sieve will for the most 
part be only superficially attacktal by the oxalate solution on ac(H)unt of 
their induration. Were this s(*gregated iron to be included, the free iron 
content of the B horizon would be very considerably augmented. 

Table VI also furnishes further evidence for the lower limit of the B 
horizon. 

(viii) Co7i(‘refionari/ Iron- A limited study has been made of the concn*- 
tionary material present in the soils under investigation. As was indicated 
in the profile descriptions, the concretions an* concentrated mainly in the 
upf)er B horizon, although they occur also to some extt'ut in the A--B horizon. 
The lower portion of the B horizon contains small pin-head size concretions 
only, while below this depth there is no concretionary (l(‘velopment. The 
amount (.)f coiHJretionary material varies consid(‘rably in different f)rofiles, 
but in all (?ases th(* zone of maximum incidcmce af)[)ears to be the upfier B 
horizon. For the most part the concretions are well cemented and difficult 
to crush, but soft weakly cemented concretions also occur. The exterior 
surfaces are generally rusty-brown in colour, but the inttu'iors are frequently 
darker. In Table VII the composition of the ironstone concretions above 
2 mm. in diameter from the II in. to 17 in. layer of profile 1 is compared with 
the composition of the soil from which they were separated.* The free 
iron content of the concretionary material determined by the sulphide? 
method (16) is also included in Table VII. The analyses reveal a large 
concentration of iron in the concretions, mainly in the form of free iron 
oxide, as might be anticipated from their appearance. The commonly 
associated segregation of manganese is also evident, but the amount present 
in the concretions is small in comparison with many of the values reported 
by other workers (17, 18), Table VII also indicates a higher concentration 
of phosphate in the concretions than in the soil. Wheeting(19) has 
remarked on the enrichment in phosphorus of the iron pellets found in the 
so-called “ shot soils of Western Washington. The higher loss on ignition 
found for the concretionary material probably represents water associated 
with the FejOg, as there does not seem to be any enrichment in humus. 

The free iron concentrated in the concretions has probably been largely 
derived from the surface horizon, for, while the clay analyses point to a 
considerable segregation of iron from the clay fraction in this portion of the 
profile, the colour of the soil and Tamm’s acid oxalate extraction show that 
there has been very little accumulation of free iron oxide. 

* The (^oarse sand fraction, which consisted almost entirely of small ^concretions, 
was removed from the soil by wet sieving prior to analysis. The concretions removed 
by the 2 mm. sieve were “ cleaned ’’ by shaking wdth dilute ammonia solution. 
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Table VL— Free Sbsquioxides extracted from Profile 1 by Tamm’s Acid 
Oxalate Solution (pH 3*25) 


Soil No. 

Horizon. 

Depth. 

Fe|0,-fAl jO,. 

T 156 . . 

T 157 . . 

T 158 . . 

T 159 . . 

A 

A-B 

B 

B 

In. 

0-4J 

4H1 

11-17 

17-23 

Per Cent. 
0*88 

0-86 <! 
0*98 

0*82 I 

I ■ 

1 





> 

T 160 . . 

T 161 . . 

B-C 

C 

23-30 

30-34 

0-30 
0-42 ■ j 



Comments. 


The ammonia precipitate was practically 
• colourless for the 0 in. to 4J in. . layer. 
The colour became progressively stronger 
for the succeeding layers, and reached a 
maximum intensity for the 17 in. to 
23 in. layer. Thus, although the total 
amounts of sesquioxides extracted were 
virtually constant throughout the depth 
of 0 in. to 23 in., the ratio Fe 203 /Al 203 
steadily increased. 

The ammonia precipitate showed a sharp 
change in colour for the 23 in. to 30 in. 
layer and appeared to be almost free of 
Fe(OH)8. The precipitate for the 30 in. 
to 34 in. was only slightly coloured by 
Fe(OH)j,. 


Table VIL— Composition of the Concretionary Material compared with the 
Composition of the Concretion -freed Soil 


Soil No. 

— 

Loi^H 

on 

Jcnltlon 

SiOj. 

A1 jO,. 

FcaO,. 

TiOj. 

P.0,. 

MnO, 

Total. 

Free 

Ke,Oi,. 



Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 



Gent. 

Cent. 

Cent. 

Cent. 

(Jent. 

Out. 

Cent. 

Cent. 

Cent. 

T158.. 

Concretions 

7-51 

45 05 

10-36 

31-67 

0*44 

0*14 

0*20 

95*37 

27*4 


Soil 

4-85 

72*32 

13-15 

3-49 

0*49 

0-07 

0*02 

94*39 



Table VIII.- -Partial Analysis of Ignited Whole Soil raoM Profile 1, inclusive of 

Concretionary Material 


Soil No. 

Horizon. 

Depth. 

.SiOa. 

A1 aO,. 

FegO,. 

TiO,. 

P.0,. 

MnO. 

I'otal. 

Molecular Ratios. 

SiO, 

SiO, 
A1 ,Og 

SiOj 

FejO", 

FegO* 




Per 

Per 

Per 

Per 

Per 

Per 

Per 







In. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

fJent. 

Cent. 





T156 

A 

0-4i 

76*69 

13*67 

2*92 

0*49 

0*36 

0*14 

93*17 

8*26 

9*24 

68*82 

7*46 

T 157 

A-B 

4J-11 

76*81 

13*90 

3*27 

0*49 

0-16 

0-03 

93*66 

8*06 

9*26 

61*65 

6*66 

T158 

B 

11-17 

75*23 

13*79 

4*73 

0*48 

0*08 

0*03 

94*34 

7*60 

9*26 

42*29 

4*67 

T169 

B 

17-23 

74*08 i 

15*10 

4*42 

0*69 

0-06 

0*02 

94*26 

7*02 

8*33 

44 ‘66 

6*36 

T160 

B-C 

2:i~30 

74*10 

15*44 

3*86 

0*61 

0*06 

0*02 

94*07 

7*03 

8*15 

61*17 

6*28 

T161 


30-34 

73*60 

15*66 

4*06 

0*64 

0*06 

0*02 

93*94 

6*83 

7*97 

48*16 

6'04 
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Manawatu 

Although some concretions have formed in all profiles, the strongest 
development occurs in localized patches. These positions have possibly 
been enriched by iron compounds brought in by lateral movement of water 
in the soil, a process on which the distribution of forest trees may have had 
considerable bearing. It is of interest to note that on steeply sloping ground, 
at the heads and sides of gullies to which water seeps freely, massive deposits 
of ironstone are frequently encountered. 

(ix) Cofnjmition of Whole Soil . — A partial analysis of the whole soil 
from profile 1 is presented in Table Vlll. The downward movement of 
iron is shown by the minimum values attained by the SiOa/FeaGy and the 
AlgOa/FeaGa ratios in the B horizon, while the relative immobility of 
alumina is indicated by the decrt^ase in the AlgO^/FegO., ratio throughout 
the solum. 

On the assumption that the parent alluvium was of uniform chemical 
composition, the constancy of the SiOa/AlaGy ratio throughout th(i <lepth 
0 in. to 17 in. indicates that relative movement of silica and alumina in this 
part of the profile has been insufficient to produce any significant differences 
in the compositicm of the whole soil. The slight fall-otf in this ratio which 
occurs in the lower B horizon continues into the C horizon, although the 
clay content, as indicated by the mechanical analysis, is decreasing at this 
depth. The trend in the ratio in the lower portion of the profile is probably 
due to differences in composition of the original alluvium, in which case the 
slight fall-off in the ratio in the lower B horizon does not necessarily result 
from the illuviation of colloidal material from the upper horizons. It seems 
more probal)le that the development of the textural profile is dependent 
chiefly upon the formation of secondary clay in place. 
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A TRAP FOR COLLECTING ADULTS OF GROUND- 
PUPATING INSECTS 

By J. M. Kelsey, Assistant Entomologist, Cawthron Institute, Nelson 
[Received for publica^^^^ 17th August, 1944\ 

Though the sirnf)le trap arrangement described below has been tested for 
only three insects, the writer is convinced that it will j)rove to be equally 
successful with other insects with similar habits. Initially the apparatus 
was worked out for facilitating the collection of th(^ Chilean sawfly Anlholcus 
varinerois, w'hich w^as introduced to New Zealand by the Cawthron Institute 
to control the seeding of our noxious weed piri piri {Acama sariguisorhiae), 
but since then the trap has been used to collect the bronze beetle ^jiicolmpis 
hrunneus, and one of our grass grub bet'.tles, (klontrin zealandica, from soil 



Fiu. 1. 


removed from the held and place! in the soil containers of the trap. In 
addition, the grass grul) beetle was captured in a modihcation of this trap 
using a bottomless soil container as a sort of open box placed on ground 
infested by the beetle larvae In this latter case greatest success was attained 
only when the grass was closely clii)])ed, and even then many beetles flew 
off the wires, &c., before reaching the actual trap. A point that is significant 
in tliis connection is that the lowest traps to the ground collected the most 
beetles. The bronze beetle is more readily trapped than that of the grass 
grub, very few beetles escaping the traps. 

Of the large numbers of AniMcus emerging at the time this trap was 
evolved, only about eight w’ere found on the outside of the traps, and these 
cases were due to the celluloid traps tilting on the wire loops so that their 
bases rested against the vertical wires,, thus allowing the.sawflies to cra'syl 
up the outside of the traps. 
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pupating Insects 

The apparatus is easily adjusted to fit any size or shaj>e of container, 
and the handling of the insects is reduced to a mininiuin, so avoiding jiossible 
injury. The celluloid trap may be changed rapidly and made in any desired 
size. It has the added advantage that it is (;heap to mak(\ For its (dbcient 
working its only requirement is that the insc'cts should be negatively geotropic 
in the adult state, and this is a plnmonKmon exhibited by the vast majority 
of ground-pupating insects. The length of time imnK'diately after ^Ik* adults 
emerge from the soil, and before they fly, is im|)ortant, for if this jieriod is 
very short the insects may fly befon*. n^aching th(». actual trap, as appeared 
to be the case with some of the grass grub beetles mentiomal al)o\^e 

At the Oawthron Institute, Nelson, the tra])s wn^re hous(‘d inside a ffanie- 
work of wood, glass, and muslin inside a gauze-lined insectary as seen in 
Fig. 2, but for certain insects the apparatus may he us(‘d out in th<^ o|)en 
field, though best results appear to be obtained indoors. As will be s(‘en 



Fia. 2. 


from an inspection of Fig. 1, there is absolutely nothing to prevent the 
insects from flying off the wires, &c., excrept for the fact that this type of 
insect after leaving the soil climbs up any adjacent object in order to permit 
its wings to unfold and harden, and it was the fact that all emerging saw'flies 
were found on top of the highest soil hunips, &c., that led to the construction 
of this trap. 

The actual trap part of the apparatus was made by Mr. C. H. G. Fraser, 
of the Cawthron staff, the writer adapting the rest of the apparatus to fit 
these traps. 

The parts of the trap can be seen in Figs. 1 and 2. Figure 3 gives the 
apparatus in diagrammatic form. “ A ” is the soil container in which 
the insects have pupated; it is filled to within in. or ^ in. of the. top 
and is raised at least 1 in. above the surrounding soil so that emerging 
insects climb on to the rim of the container. The wires “ B ” are 
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soft galvanized wire of light gauge, and preferably rough to the feel to 
afford good foothold ; there are four wires, two of which are longer than the 
others to form the loop and vertical pieces. These two wires are twisted 
round one another about five times at point “ C,’’ and the longer wire bent 
up to. form the vertical piece “ D,” the angled piece ‘‘ E,” and the loop 
F,’’ so that the vertical piece “ D ” comes to lie below -the centre of the 
loop. The wire is twisted to prevent the loop opening. Parts “ G-J ’’ 



Fig. 3. 


are made of celluloid and muslin cemented together with celluloid dissolved 
in amyl acetate or acetone. “ G ” is a very slightly tapering celluloid collar 
to which is cemented the muslin cone “ H ” to prevent trapped insects from 
returning once they have entered the trap. This collar and cone fit tightly 
into the celluloid cylinder ‘‘ I,’’ which is fitted with a muslin top “ J.*’ 

It was found best to make the cone and top of the trap of muslin so as to 
allow a free circulation of air to prevent condensation of moisture on the 
cylinder walls when it contained insects. 
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Pigs fattened on Buttermilk 

Points to remember are to have sufficient clearance between the bottom 
of the trap collar and the wire shoulders at “ C ’’ to prevent insects climbing 
from the wires here to the outside of the cage, and to see that the wire loop 
fits tightly inside the collar, otherwise the trap may tilt against the piece 

The maximum size of container used was 12 in. by 6 in. by 2 in. with the 
wire loop about 6 in. above the container ; the tra]) was a cylinder (> in. long 
by 1 in. in diameter. The smallest containers were round 2 oz. tobacco-tins, 
as seen to the riglit in Fig. 1. 
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THE VALUE OF VITAMIN A SUPPLEMENTS TO 
PIGS FATTENED ON BUTTERMILK 

By C. E. Ballinger, Eeseareh Officer in Animal Nutrition, Ruakura 
Animal Research Station, Department of Agriculture 

% 

[Received for 'publication^ 2lth A ugust, 1944'] 

Summary 

The of feeding a vitamin A eoneentrate with a ration of maize and 

meat-meal to store pigs for thirteen weeks, and subRequ(‘ntly with a fattening 
ration of buttermilk, has been investigated. 

Mean values for the vitamin A content of the pigs’ livers showed a 
difference in keeping with the quantity of vitamin A fed to the pigs. 

No significant differerK^es between groups in tlicir rate of growth as store 
pigs or utilization of the fattening ration as baconers was obtained. No 
symptoms of vitamin A deficiency were seen. 

In New Zealand a considerable amount of bacon is produced from pigs 
born in the autumn and held in store condition until the spring, when 
they are fattened on dairy by-products. The treatment of the store pigs 
during the winter varies from running them in the cow paddocks to 
-confining them to sties or to pens devoid of pasture. 

The winter ration may consist of roots, maize, or small quantities of meals, 
and dairy by-products. In many instances the pigs do not have access 
to pasture and are fed a ration low in vitamin A — e.g., maize- and meat- 
meal or separated milk. Such pigs may be retained under these conditions 
for about three months, and then be sold for fattening on buttermilk. 
During the fattening period the pigs may again be retained in sties or pens 
devoid of grass. 

Under the circumstances the ration may be low in vitamin A for five or 
six months, and it is considered possible that, while no obvious symptom 
of vitamin A deficiency appears, there might be unthriftiness in the latter 
•stages of fattening and poor utilization of the fattening ration. 
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Previous work on this probJem(l) has shown that store pigs living on a 
ration Jow in \utamin A and confined to bare yards for three months, while 
not showing symptoms of vitamin A deficiency, did show a lower vitamin 
content of their livers compared with pigs run on pasture. It was also 
found that pigs running on pasture did not benefit by feeding a vitamin A 
concentrate, although they accumulated a reserve of vitamin A in the liver 
more than three times as great as pigs not receiving the vitamin supplement. 

The literature on the vitamin A requirements of pigs has been dealt 
with in a previous paper(l). The possibility of a vitamin deficiency in 
pigs wintered in store condition on yards devoid of }>a8ture and subsequently 
fattened on buttermilk was pointed out in that w’ork, and the results 
presented in this paper conclude the investigation. 

Aim of the Project 

In order to explore the possibility of pigs benefiting by the feeding of 
vitamin A in the fattening stages it was decided to ])lMce three groups each 
of twelve pigs on. a basic ration of maize- and meat-meal for a period of 
three months, to be followed by fattening to liacon weights on Imttermilk. 
The pigs wore run in dirt yards dt^void of pasture. Prior to going on trial 
tin* pigs were kept under open-air conditions with access to good j)asture 
until they were about three months old and were comparable in all 
respects to pigs used in the investigation into vitamin supplements already 
referred to. 

In order to examine the possible benefit of the; addition of vitamin' A 
to the ration, three groups received the IVillowing treatments : — 


store Pciriod. 


Treatmentw. 


Fattouiug Period. 


Group 1 (control) 
Group 2 
Group 3 


Basic ration . . 

Basic ration -p vitamin A 
Basic ration f* vitamin A 


Buttermilk. 

Buttermilk. 

Buttermilk f vitamin A. 


The vitamin A was given at the rate of 0,000 l.U. per h(‘ad per dny. 
Experimental Results 

Progres!< over the Store Period .. — The progress of the groups over a 
thirteen weeks' store period prior to fattening is seen in Table 1. 


Table 1. — Live-w eight Increase during the Store Period in Basic Ration and 

Vitamin A Concentrate 



Group Nos. 


1. 

2. 

. 

3. 

Number of pigs at start 

12 

12 

12 

Number of pigs at finish 

11 

12 

12 

Mean initial weight (lb.) 

63 O* 

62 -25 

61-91 

Mean final weight (lb.) .. ., .. 

99-72* 

98-91 

102-76 

Mean increase live- weight (lb.) . . 

36-72* 1 

36-66 

41-84 

Mean increase per pig per day (lb.) . . . . 

0-40* ! 

0-40 

0-45 


* Calculation on the eleven basis. 
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The live-weight differences between the groups are not significant. One 
pig was withdrawn from group 1 after three weeks on trial, suffering from 
necrotic enteritis, otherwise behaviour was normal and the live-weight gains 
were similar to those obtained in previous years. 

Progress over the Fattening Period . — At the termination of the store jieriod 
the groups were retained in yards dc^void of pasture and placed on a 
fattening ration of buttermilk at the rate of 0 gallons per pig per day. The 
j>igs were withdrawn for slaughter when they reached approximately 2(Kj lb. 
live-weight. Table 2 gives the progress of the groujis ovit the fattening 
period as shown by the live-weiglit gain, the food to jvroduee 1 lb. of 
carcass, and the mean vitamin values of th(‘ liv(*r for tin' n'spective groufis. 


Table 2 . — Ltve-weioht Increase dcrino the FATTEMN(i Pkhiod on UrTTEKMiLK 

AND \"fTA!VrJN A ('0S(' KSTRA'l'K 


Number of f)ig.s at start 
Number of pigs at finish 
Mean initial v eight (lb.) 

Mean final weight (lb.) 

Mean increase? live-weight (lb.) . . 

Mean inerea.s(' pei* pig p(‘r day (Il».) 

Number of gallons buttermilk to produce I lb. 
carcass 

Mean vitamin A content per liv'er (grams) 


* (/alcnlatol by assmuiiij^' ttu? uitia carrass Av«*i;'ht at 


'{! 


of ! 


; jM-r 




Jroup 

Nos, 



1. 


;) 




11 


12 


12 


II 


12 


12 


m 

72 i 

08 

01 

102 

75 

201 

81 ! 

201 

00 

100 

01 

102- 

OO i 

102- 

75 i 

07 

10 

j;u 

7 i 

:-2b- 

i 

- 14 

-7 

0- 


0- 

02 

0 

•04 

8' 

■12 

8' 

00 

8 

•15 

0- 

0084 j 

0- 

1274 

0 

•1074 

• cont 

. of 0)r 

■ iiiitia 




l)lS('TT88ION 

It apj)ears that the addition of A'itamin A to the ration has not had any 
effect under the conditions imjiosed. No sym|)t()ms of vitamin delicieney 
were seen, and the rate of growtli for the thret* groujjs o\'('r the fattening 
})eriod does not show any significant difference in favour of groups 2 and 3 
compared with group 1. Since all groujis w(*re on a standard ration of 
6 gallons of buttermilk per pig per day, it is also obvious that utilization 
and conversion of food has not been effected by the addition of vitamin A 
to the ration over the fattening period. 

The liver values show an increased vitamin A content in keeping with 
the amount of vitamin A fed during the trial, but tht* control group shows 
a good reserve of vitamin A in their livers, so it would appear that }>ig8 
reared under open-air conditions with access to pasture until they are 
about 60 lb. live-weight do not b(»nefit by the addition of vitamin A 
concentrate to a store ration of maize-meal and meat-meal, or to a fattening 
ration of buttermilk. 

The efficiervcy of food-conversion in all three groups is very poor. 

Under good open-air conditions with access to pasture, store pigs of the 
weight used in this trial require about 6*6. gallons of buttermilk to produce 
1 lb. of carcass. Unfavourable conditions can therefore necessitate an 
«xtra 20 per cent, of food to fatten pigs from stores to baconers(5). 
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A point which should be stressed in connection with this investigation 
is that, although these results and previous work on store pigs show no 
benefit was derived from vitamin A supplements, it does not follow that 
vitamin A supplements are unnecessary in all circumstances. The pigs 
used in this work had access to good pasture from birth until they were 
about three months old, when they went on trial. Many pigs in New 
Zealand are born and reared in sties or have yards devoid of pasture. 
Under such circumstances pigs would most probably benefit by the addition 
of vitamin A to rations similar to those used in this investigation. Investi- 
gations by overseas workers on the vitamin requirements of pigs substantiate 
this opinion. The work of Diinlop(3, 4) in particular has shown that where 
pigs are confined to sties from birth without access to pasture vitamin A 
deficiency does occur on rations commonly fed under practical conditions. 
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Summary 

The factors influencing surface run-off and soil loss were investigated, 
with the following results : — 

Measured surface losses of w^ater and soil from plots WT?re comparable with 
losses under similar conditions in the United kStates of America. Losses increase 
progressively from negligible proportions in forest, to become very significant 
under continuous cultivation. 

Duration of Rain . — >Soil loss attains its maximum in ten to thirty minutes 
and declines, while run-off increases rapidly for the first half-hour and 
progressively more slowly thereafter. 

Vegetation . — Climax native vegetation dominates all other factors and 
reduces losses to zero. Pasture management is a critical factor in governing 
losses of soil and water, as the line of demarcation between effective and 
non-effective cover is controlled by management. 

Intensity of Main . — This proved to be one of the most important factors in 
governing run-off and soil loss from eroded and farmed land. 

Slope , — Increase in slope results in run-off attaining its maximum more 
rapidly, while soil loss increases significantly. 8lopea previously protected 
by native vegetation are in many cases no longer sufficiently protected and 
create an increasing erosion hazard. 

Soil Type . — ^Field trials demonstrate the individual behaviour of various 
soil types with respect to sxuface losses of soil and water. 

Air Content . — Tlie high air content of unfarmed soils indicates conditions 
that are conducive to the rapid movement of water into and through them. 

Organic Matter and Water CowicnL— Comparative estimations (based on 
loss on ignition for the former) show that eroded soils have a lower content of 
these. 

18 — Scienoe. 
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Soil Structure , — Soil aggregates diminish in size and stability as a result 
of cultivation and severe grazing. 

WaUrMding Capacity . — Undisturbed soils contrast sharply with farmed 
soils in ability to hold water, but the inherent ability to hold water cannot 
always be availed of under farmed conditions. 

Litter and Roots , — When the influence of litter and roots is removed and* 
the soil consolidated to destroy structure, forest soils become similar in reaction 
to cultivated soils. The absorjitive capacity of forest litter is not sufficient to 
account for its high rate of infiltration. 

Burning , — ^Considerable increases in run-off and soil loss are induced by 
burning the vegetative cover. 

Go7i>soUdation . — Tramping by stock has proved to be one of the moat 
potent factors in increasing losses of soil and water. 

Cultivation . — The great<^st losses of soil and water by surface run-off were 
obtained from cultivated soils, particularly those under continuous cultivation. 

Infiltration . — The considerable variation in rates between farmed and 
imfarmed soils is consistent with the general findings and has a high degre(» of 
correlation with several of the above factors. 

Interception of Rain by Plants intercept and bring under their 

control a large proportion of the rain falling on them and conduct miich of it 
into the soil by way of their stems and roots. Plants play a very active role in 
buffering the force of the rain and in conducting it directly to the deeper soil 
horizons. 

The changes wrought by man that have impaired the resistance of soils 
to erosion can be measured in several ways. Comparative studies in run-off' and 
soil loss provide a suitable and practical measure of these changes for an 
experimental approach to the problem. 


Introduction 

From ol)H(?rvatiou in Hawke’s Bay in respect to land deterioration, deciining 
productivity, and the incr(*ase of severely eroded areas it seemed imperative 
to investigate the various aspects o£ the problem. In the first instance it 
was necessary to establish the actual surface losses of water and soil taking 
place and the factors influencing the extent of these losses. This critical 
information was then applied to the investigation of changes brought about 
as a result of fanning practices. The possibilities of revegetatiori of eroded 
areas were then investigated in various localities. From the results of these 
specific investigations an attempt is made to formulate a statement of the 
best methods of modifying present land use in order to conserve productivity. 

Investioations into Surface Run-off and Soil Loss 

As surface run-off and soil loss are conspicuous features of eroded land, the 
various factors influencing them were investigated under field conditions. 

In order to obtain dir(*.ct information to provide a basis of comparison 
for the dis(;ussion pf artificial rain results, it was necessary to measure soil 
and water losses from plots under typical conditions. 

Suitable sites were chosen in and near a vineyard, and plots 6 ft. by 3 ft. 
were enclosed by timber to prevent loss of run-off laterally and to prevent 
other water from running on to the plots. 

At the lower end a covered collecting tray was designed to divert all 
run-off into a suitable collecting vessel, which was placed in an excavation. 
A standard rain gauge was set up in the vicinity of the plots. Similar plots 
were set up at Tangoio and records taken for a short ^period. 

After each fall of rain the quantity was recorded and the rim-off weighed 
and sampled. After drying and weighing, the soil loss was computed 
(Table I). 
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Table I. — Run-off and Soil Loss Data 


Plots at Qreenmeadows on Matapiro and Oroumthorpe Sandy Loams 





1 Sloiic, IG'* : Cultivated 
Soil. 

Slox»e, 20° : Cntirazed 
Old I*asture. 

SlojKj, 20° : Grazed 
Poor Pasture. 

Date recorded. 

Rainfall 

(Inches) 

Run-off 

(lb.). 

Ruii-off 

(per 

(Jent.). 

Tons 

per 

Acre 

Soil 

Loss. 

Run-off 

(Ih.). 

Run-off 
. (per 
Cent.). 

Toms 

per 

Acre 

Soil 

Loss. 

Run-olf 

(lb.). 

Run-off 

(per 

Cent.). 

Tons 

per 

Acre 

Soil 

Loss. 

1931) 
Aug. 24 


0-25 










28 


0-84 

13 

13*8 

1*0 







Sept. 7 












13 


0-80 

4*2 

5*0 

0*5 




5*5 

7*3 

0-25 

24 


0-25 










25 


115 

4*1 

5*5 

0*27 




10 

17 

0*05 

Oct. 14 


0-41 

1*5 

4*0 

0*13 




o 

5*3 

0*02 

Nov. 25 


0-95 

30 

33*7 

0*90 

1*9 

2*.3 


38 

42*7 

0*11 

27 


0-22 










Dec. 1 1 


0-45 

i 

2*3 

0*02 




1*25 

3*1 


12 


0-37 










25 


()-66 

24 

38*7 

4*8 

1*2 

2*0 


25 

40*3 

0*21 

1940 
Jan. 13 


0-81 

3 

4*0 

0*24 

1*25 

1*7 


3 

4*0 

0-02 

21 


0-70 

3*2 

4*8 

0*24 

0*5 

0*8 


U 

10*7 

0*02 

Feb. 24 


0-50 

4*2 

9 

013 




6 

13 

0*07 

25 


1 -75 

05 

40-2 

1-97 

4 

2*4 


72 

42*3 

0-61 

Mar. 9 


0-31 

0*3 

1 

0*02 




0*4 

1*4 

0*02 

Apr. 11 


0-30 

. , 


0*05 




. , 


0*03 

12 


0-33 

3 

9^) 

0*16 




1 

3*2 

0*09 

13 


0-75 

35*5 

61*1 

1*05 

2*5 

3*5 


39 

55*7 

0*41 

14 


0 14 

0*5 

0*4 




• * • 

0*5 

0*4 


19 


0-55 

9*5 

18*2 

0-.32 

0*5 

1*0 


4*5 

8*7 

0*03 

22 


0 05 

18*5 

30*3 

0 03 

0*6 

0*8 


7*6 

12*3 

0*01 

May 12 


5-60 

105 

32*2 

4*05 




55 

10*7 

1*84 

21 


010 

1 

7 

0*02 




0*5 

3 

0*002 

23 


0-70 

8 

12*3 

0*13 




2 

3 

002 

June 15 


0-,32 

2 

0*2 





1 

3*2 

0*02 

July 6 


1-25 

14*5 

2*5 

0 is 




15*5 

3*4 

0*00 

7 


0 15 

0*75 

0*6 





0*25 

2*2 

0*002 

8 


0-76 

23*5 

40*3 

0*33 

1*5 

2*0 


20 

.35*8 

0*035 

19 


0(S7 

10 

22*5 

0*04 




12 

1 

0*1 

27 


1-75 

48 

30 

0*94 

2*5 

1*3 


37 

22*7 

0*035 

Aug. 11 


1-05 

33 

33 

0*30 

1 

1*1 


17 

18 

0*031 

14 


115 

43*5 

40*0 

0*58 

1*75 

1*0 


14*5 

13*5 

0*32 

18 


1-75 

93 

58*9 

1*52 

1*5 

1*0 


23 

14 

0*24 

Totals 


28*34 



21*00 




•* 


4*05 

Averages | 



19*2 



1*7 



11*0 



Tnnyoio Plots on Croimthorpe Sandy Loam 


Date. 

Rainfall 

(Inches). 

Forest Floor. 

Rank Pasture. 

Run-off 

(lb.). 

Run-off 

(per 

Cent.). 

Soil LO.SS. 

Run-off 

(lb.). 

Run-off 

(per 

Cent.). 

Soil Loss. 

12/9/39 . . 

4*8 

1*2 

0-7 


37*5 

22*1 


12/10/39 

1*42 

1*1 

0*8 


27*8 

20*9 


27/11/39 

0*78 

0*6 

0*85 


20-2 

27*0 


11/12/39 

0*74 

0*1 

0*14 


18*0 

26*8 


12/12/39 

0*32 


* • 


5*8 

19*3 


12/1/40 . . 

0*73 




17*5 

29*2 


Averages 



0*41 

■ 


24*3 



18 * 
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Plot Studies 

Plot studies revealed that surface run-off and soil loss were negligible 
under native forest and ungrazed grassland conditions. Losses were con- 
siderable on fallow land, and intermediate in extent on grazed pasture. 
Although the totals indicate the annual losses, they mask the effect of 
individual storms, which are often very destructive. In a recent storm 
3‘8 in. of rain fell in two days ; 41 per cent, ran off, carrying with it the 
equivalent of 6*4 tons per acne of soil from the fallow j)lot. This indicates 
that a single fall of rain can be responsible for most of the soil loss in a year. 

Soil loss was not in simple ratio to run-off, but increased greatly during 
rains of high intensity. The condition of the surface of the fallow plot 
influenced soil losses considerably ; during winter the losses were lowest 
from the uncultivated comi)acted surface, but for the remainder of the 
year the cultivated loose surface allowed of excessive soil loss, when there 
was sufficient rain to cause run-off. 

The considerable loss of water from cultivated and grazed pasture |)lots 
is significant under the local conditions of a badly distributed average rainfall 
of 30 in. and a high rate of evaporation, and is comparable with results under 
similar conditions in the United States of America. The management of 
grassland assumes importance, as run-off and soil loss appear to increase 
in proportion to th<> severity of the grazing. 

The rate of soil loss from cultivated soil is sufficient to ac(M)iint for the 
removal of 6 in. to 1) in. of topsoil from parts of the vineyard inforty years. 

Equipment used: A Rain Simulalor 

As plot studies involve a lengthy i)eriod of observation, and sprinkler 
experiments on boxes of soil upset many natural factors o})erativ(> under 
field conditions, it was urgent to evolve a practical TiH'thod of simulating 
rainfall conditions in the held. 

The advantage of such a procedure in measuring run-off and soil loss under 
various conditions was important, as much time and expense were saved, 
and urgently needed figures were obtained. 

As a result of trying several types of water-distributing mechanisms, 
an ordinary watering-can fitted with a small nozzh* which had fiv(? small 
apertures was found to give the best results. The quantity of water delivered 
could be regulated to 1 in., \h in., 2 in., 3 in., 4 in., and 5 in. per hour simply 
by plugging one or more of the apertures (the diameters varied from 0*8 mm. 
to 1*2 mm.). If held 5 ft. from the ground and moved by both a rotating 
and reciprocating motion, “ rain ’’ fell in distinct drops with momentum 
comparable to that of rain (as observed by the rebound and splash upon 
impact with the ground). This artificial “ rain ’’ was played on an area 
of 2 square* feet, which was the optimum area when all factors were taken 
into consideration — varying cover types, evenness of surface, quantity of 
water available (this had to be transported over considerable distances), 
quantity of run-off and soil loss obtained, and transportability of equipment. 

A collecting device was embedded in the ground on the lower side and 
along the lower margin of the experimental square and sealed in position with 
lard. The run-off was collected in a tin placed in a suitable excavation 
several inches away from the lower edge of the plot. 

Subsequently, a rainfall simulator was fully discussed by A. L. Kennedy 
in J, Am, Soc, of Agr., Engrs., June, 1941, and later a rainfall applicator 
was described bv Ellison and Pornerene in J, Am, Soc, of Agr„ Engrs,, June, 
1944. V ' 
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Procedure 

In the first series of trials comparisons were made to test the accuracy of 
the mechanism, the consistmcy of results, regulation of intensity of “ ra.in/' 
and adjustment in design of the collecting mechanism. In the second series 
the progressive change in the rate of run-off and soil loss was studied. 

In the third series of experiiTHmts 1 in. of rain was applied to varying 
slopes and types of cover after preliminary saturation of the soil. 

In the fourth series of comparative ex})eriments additional information 
was obtained with a view to correlating certain factors with erodibility. 


EFFECT OF DURATION OF RAIN 
MATAPIRO SOIL TYPE, 



The various factors governing surface run-off and soil loss were investi- 
gated, in order to clarify the position as much as possible. 

The majority of these trials were carried out after the soil had been 
thoroughly saturated. Great care was exercised in selecting representative 
situations with regard to soil tyjie, cover, slope, (fee. With the exception of 
boxes of soil used in Tables V and VI, all trials were carried out under field 
conditions with as little disturbance to the surface as possible. 

Duration of Eain 

The rate of run-off and soil loss progressively changed during the 
application of rain. Analysis of riin-ofi* at intervals of ten minutes indicates 
that it increases rapidly in the early stages (up to fifty minutes) and very 
slowly thereafter (Fig. 1). - . 
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Tablb II. — ^Thb Epfbot op Duration op Rain on Run-opp and Soil Loss recorded 
AT Ten-minute Intervals on Matapiro Soil 


llalii Intensity, 3 In. per Hour. Rain Intensity, II in. per Hour. 



Poor Pa8tui*l^ 

Cultivated. 

Poor Pasture. 

Cultivated. 

Replicates. 

Run-off, as 
Percentage of 
Rainfall. 

Soil Loss, in 
Tons per Acre. 

1 

1 

Run-off, as 
Percentage of 
Rainfall. 

Soil Loss, in 
Tons per Acre. 


Run-off, as 
Percentage of 
Rainfall. 

Soil Loss, in 
Tons per Acre. 

=3 

& 

ea 

Run-off, as 
Percentage of 
Rainfall. 

Soil Lo^, in 
Tons per Acre. 

First 

5 

36*4 

()-49 

6 

29*3 1*16 

4 

6*0 

0*07 

6 

2*8 0*7 

Second 

5 

62*7 

0-94 

5 

51*5 2*39 

4 

25*7 

0*26 

5 

11*9 0*4g 

Third 

5 

68*2 

0-86 

5 

60*2 2*29 

4 

33*7 

0*29 

5 

21-0 0-49 

Fourth 

5 

72-7 

0-80 

5 

68*1 2*02 

4 

37*6 

0-26 

6 

27-5 0-39 

Fifth 

5 

760 

0-75 

5 

72*9 1*87 

4 

38*4 

0-24 

5 

29-3 0-32 

Sixth 

5 

79-4 

1*70 

6 

76*3 1*70 







Soil loss attains its maximum in ten to thirty minutes and declines, 
tending to become constant in sixty to seventy minutes. Neale(3) presents 
evidence in close agreement with these findings. 

Owing to the fact that local floods are caused by heavy rains on saturated 
soils or by moderate rains of two to four days’ duration, it was arranged 
to apply water continuously to small areas of Matapiro soil (15° slope). 
At convenient intervals the sprinkler was turned off and a definite quantity 
of water was applied to each plot with a watering-can during an interval 
of twenty minutes. 



Inflltration Bates, in Inches per Hour. 


1 End of First Hour. 

j At 48 Hour. 

1 At 72 Hour. 

1 

Cultivated old-pasture land 

1*1 

0*39 

0*21 

Lightly grazed old-pasture land 

1*5 

Ml 

j 0*89 


The Subsoil was very wet to a depth of 56 in. The common belief that 
soil becomes saturated and reduces the infiltration rate to zero in a 
relatively short time is not borne out by trials on this type of soil. 

Projection of typical curves indicates that the infiltration rate decreases 
progressively more slowly as it approaches zero. In rains of long duration 
the rate at which infiltration approaches zero appears to be the critical 
factor in the incidence of flooding. This rate appears to be governed in 
the first instance by the original water content of the soil and condition of 
the surface, while the ultimate rate appears to depend on soil structure, 
which is largely conditioned by type of soil and vegetation. 

Type of Vegetative Cover 

The effect of vegetation on run-off and soil loss was further studied by 
he application of artificial rain to various plant associations. 
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Table III. — Summary of Results of 1 in. Applications ok Rain to Wet Soils 


UNDER VARIOUS TyPES OF VeOETATION ON FlVE Ma.IOR SoIL 'I'yPES 


Conclitiou of Cover or Soil Surface. 

Raiiifull 

(Inches). 

Intensity, 

; in inches 
i per Hour. 

Sloi)e ('■). 

llun-olf as 
Percentage 
of Ilain, 

Soil I. 08 S, 
in Tons 
per A<Te, 

Niiinher of 
Kcjjlicates. 

3<^)rcst 

1 

5-0 

10-4 

0*34 


24 

Mauiika scrub 

1 

3-5 

20-2 

0*10 


19 

Native flax 

1 

5 0 

15-4 

O-O 


0 

Tussock grassland .. 

1-5 

4-S 

14*4 

0*57 


10 

Brackcti fern 

1 

3 

IS. 4 i 

0-65 


24 

XTngrazod grass 

1 

3 

1 15 1 

3-03 


22 

Good graz(Ml pasture 

1 

2-74 

1 17*4 1 

42-2 

0 034 

30 

P(ior pasture 

1 1 

2-7 

! 2().5 

03 0 

073 

14 

Eroded pasture 

1 

3-2 

i 20*3 

04*2 

1-7 

14 

Oornplotcly eroded surfaces . . 

1 

2-9 

20 

00*5 ! 

0*5 

16 

Burnt pasture 

1 

3 

17-5 

i 

55 • 5 

! 

0*05 

5 



Fia, 2. — ^Mixed podocarp forest, Olmrakura. 
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It was found that native associations, mixed forest, manuka scrul> 
(Leptospennum scoparium) bracken fern {Pteridiurn esculmtum), flax {Phot- 
mium tenax), and “ tussock ’V grassland, apparently create conditions 
favourable to the absorption of rainfall of high intensity (from 3 in. to 4 in. 
per hour) (Figs. 2 and 3). As there was little or no surface run-ofF, losses 
of soil were negligible. 

Ungrazed grassland prevents surface run-off and soil loss with intensities 
of rain up to 3 in. per hour, but losses occur from grazed pasture with inten- 
sities of less than 1 in. per hour. Poor and eroded pastures yield considerable 
run-off with 0*5 in. per hour of rain (Fig. 3a). 

Absorption was at a minimum on eroded areas, while run-off and soil 
loss were at a maximum. 

Run-off and soil loss on fallow land were considerable and aj)peared to 
vary according to the recency of cultivation, condition of the surface, and 
structure of the soil. 



Fia. 3. — Tussock grassland, Kuripapanga. 


As the intensities of rain used are seldom experienced, it is reasonable 
to assume that undamaged native' plant cover creates conditions favourable 
to the infiltration of the heavier rains experienced under the particular 
local conditions. When this vegetation is destroyed or replaced by induced 
vegetation the reaction to rainfall is radically altered. The rate of run-off 
and soil loss appear to measure the extent of this change, as they are 
complementary to the management practised. 

Grazed pasture appears to define the boundary between effective and 
non-effective cover in so far as run-off and soil loss are concerned, 
consequently pasture management becomes a critical factor in governing 
losses of water and soil. 

The effect of soil type, intensity of rain, and slope appear to be dominated 
by the conditions of habitat created by native climax associations of plants* 

Intensity of Rain 

In order to use typical intensities of rain, records of heavy rains 
experienced in New Zealand were obtained from the Meteorological Office,. 
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and it was found that intensities ranj^ed from 0*5 in. per hour to 4 in. per 
hour in many storms experienced. 

Over a period of twenty years sixty heavy storms vrere recorded. In 
ten of these the intensity was at h»ast 4 in. per hour and the duration from 
fifteen minutes to one hour. Tn half the storms record(‘d there was a well- 
distributed variation of from 6 in. to 20 in. of rain in tW(mty-four hours. 
'The remainder were storms of short(>r duration and the intensity ranged 
from I in. to I in. })er hour. 



Fio. 3a. — Poor (lanthonia — suckling-clover pasture on a badly eroded ridge, 
Havelock North. 


Table IV\ — Combabative Rates of Run-off and 8oil Loss under Two Intensities 

OF “ Rain ’■ 




Intv’nsity, TJ 

ill. per .Hour. 

1 Intensity. ;.i in. ])er Hour. 

Habitat. 

Slojie (■*). 

Ruu-off 
(per Cent.). 

Tons per 
Acre Soil 
Loss. 

Kuii-ott' 
(per Cent.). 

Tons per 
Acre Soil 
Loss. 

Matapiro, cultivated soil , . 

15 

40 0 

0-45 

81 -5 

2- 05 

Rendzina loam, cultivated 

15 

150 

0-10 

51-5 

1-13 

W’^aiwhare, grazed rape 

15 

20 0 

0-64 

41-4 

2-4 

Wob<3r, grazed rape 

15 

21*2 

0-17 

«r>-4 

l-OO 

Gisborne sandy loam, culti- 
* vated 

15 

Jl-4 

0-025 

45 l 

0-15 

Matapiro, grazed pasture . . 

15 



42() 1 


Waiwhare, grazed pasture 

25 

3 >{ 


1 84-0 


Matapiro, wot cultivated soil 

33 

33 

34-3 

0-51 ! 

1 58-1 

3*0 

Matapiro, very wet, culti- 
vated 

H )*4 

0-83 

59-9 

4. 7-0 

Orownthorpe, eroded pasture 

33 

45-8 

0-81 

06-9 

1-97 

Waiwhare, good pasture . . 

33 . 

40 1 

! 


88*2 

•• 
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From txials it was found that run-off was proportional to the intensity 
of the rain. Soil loss was disproportionately greater during rains of high 
intensity owing to the rapid acceleration in carry ing-capacdty of the increased 
run-off (Ayres(4) ). 

It is apparent that the intensity of rain is one of the most critical factors 
governing run-off and soil loss from farmed and eroded land. The effect 
of showers of high intensity and short duration common in Hawke’s Bay 
is significant in this connection. Neale(3) finds that rain intensity is by 
far the most important factor affecting run-off and soil erosion. 

It was indicated in the previous section that conditions were such in 
climax associations that the intensities of rain likely to be experienced 
were adequately dealt with. This is not so on farmed land. 

Slope 

Soil samples were selected from cultivated fields representing the major 
soil types in Hawke’s Bay. Boxes of 2 square feet in area and 12 in. deep 
were filled with soil, which was evenly packed. A collecting lip of lead was 
sealed along the lower edge and the box was inclined at the desired slope. 

The soils were saturated frequently and allowed to stand several weeks 
in order to secure natural packing of the soil. 

Prior to the commencement of the group of three trials on each slope the 
surface inch of soil was carefully disturbed with a small garden trowel. 
When the run-off and soil loss were approximately constant, water was applied 
from a watering-can at the rate of 4 in. per hour for twelve minutes on 
each box of soil at each of three different slojies. 


Tablk V. — Tabulation of Trial Results 


Soil Type. 

Slope O. 

j 

• 

Run-off 

(MiUilitreB). 

Run-off 
(per Cent.), 

Soil Loss, In Tons per Acre. 

Per Twelve 
Minutes. 

Per Hour. 

Matapiro cultivated for forty 

5 

3,100 

85-3 

0*84 

4-2 

years 

15 

3,160 

87-0 

1-36 

6-8 


25 

3,230 

88*9 

212 

10(J 

Matapiro cultivated for oik; 

6 

3,000 

82-6 

06 

30 

year 

15 

3,050 

83-9 

0-94 

4-7 


25 

3,105 

86-3 

1-30 

6'5 

Waiwharo cultivated one 

5 

3,012 

82'9 

1-26 

6-3 

year 

15 

3,045 

83-8 

2-4 

120 


25 ■ 

3,135 

86-4 

3-2 

160 

Gisborne sandy loam (Taupo 

5 

1.900 

52-3 

M4 

5*7 

ash) 

15 

2,405 

66-2 

3-2 

160 


25 

2,455 

67-5 

3-72 

18-6 

Weber mudstone 

6 

2,780 

76-5 

0-44 

2-2 


15 

3,100 

85-2 

0-68 

3-4 


25 

3,210 

88-3 

0-92 

4-6 

Rendzina loam . . 

5 

2,800 

77-0 

0-60 

3 0 


15 

3,020 

83-6 

0-78 

3-9 


25 

. 3,120 

85-4 

1-08 

9*4 

Averages . . . . 

5 


76 1 

0-81 

4 05 


15 


81-6 

1-56 

7‘8 


25 


83*6 

2-05 

10*25 
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Increase in slope did not increase run-off very significantly, but the 
run-off attained its maximum more quickly on the steeper slopes. 

Soil loss increases significantly with increase in slope (Fig. 4). Neale(3, 
p. 28) in his equation shows that soil erosion is according to the 1-2 ])ower 
of the slope, but this is based on more gentle slopes than were used in these 
trials. He states that slopes between V and 16° had little effect on run-off, 
but the relative density of the material increased with increases in slope. 

The results of field trials do not agree very well with those obtained from 
boxes of soil set at the different slopes, owing to the change in soil type and 
characteristics associated with such increases in slo})e. The partially removed 

INFLUENCE OF SLOPE ON RUN 'OFF AND SOIL LOSS. 
FROM CULTIVATED AND SATURATED SOILS. 



topsoil in the field on the steeper slopes exposes a more porous, sandy subsoil 
in some cases, but in the majority of cases a relatively impervious clay 
subsoil is exposed. 

It is apparent that slopes once stable and protected by native vegetation 
are no longer sufficiently protected by the induced vegetation (Fig. 5). Soil 
loss by sheet erosion from regularly cultivated slopes above 12° is such that 
the greater part of the surface soil is removed in from twenty to forty years. 

tinder certain conditions permanent pasture does not adequately protect 
slopes above 15°, with the result that the subsoil is exposed in many cases. 

Grazing management, type of pasture, type of soil, and se’teral other 
factors cause much variation in the ideal management for particular slopes. 
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Soil Type 

Comi)arative studies were made o& the five principal soil types using 
artificial rain. 

Table VI 



Matapiro 
Cultivated 
Forty Years. 

Waiwhare 
Sandy Loam. 

Gisborne 
Sandy Loam. 

Weber 

Loam. 

Rendziiia 

Loam. 


Hun- Soil 
off. Loss. 

Knn- 

olf. 

Soli 

Lo&s. 

Run- ’ 
off. 

Soil 

Loss. 

Run- 

off. 

Soil 

Loss. 

Run- 

off. 

Soil 

Loss. 


Trials with Cultivated i^oils in Boxes 


(Slope, 15*^ ; Rain, »3 in. per hour) 


First ten minutes 

.38 

2*2 

4-6 

0-55 

1-5 

0-04 

45-8 

0-4 

2-9 

Second ten minutes 

<57 

2*91 

29-6 

2-43 

29*5 

0-30 

66*4 

1*06 

46 

Third ten minutes 

74-4 

2 ha 

41-4 

2J4 

36-5 

0-25 

78-5 

1-01 

51-5 

Fourth ten minutes 

77-0 

2*5 

50*5 

1-83 

41-0 

0-19 

84-7 

0*85 

60 0 

Fifth ten minutes 

80-2 

2-54 

56 -2 

1-71 

45- 1 

0 15 

88-4 

0-8() 

64-2 

Sixth ten minutes 

81-5 

2-42 

60-5 

1-52 

48-2 

014 

89-3 

t 0*84 

67-0 


0-07 

0 - 7 (^ 

iia 

o-sa 

0-91 

o-7a 


Field Trials on Grazed Pasture 


(Slope, 15° ; rain, 3 in. -por hour) 


First ten minutes 

43-6 

0-24 

25-2 


42 

0 05 

27-8 

0*39 

39-2 

0.42’ 

Second ten minutes 

76*6 

0*33 

54-6 


48-1 

0-16 

74-6 

1*45 

65-6 

0-81 

Third ten minutes 

79 

0-32 

68-4 


53 1 

0-21 

81-0 

1*56 

70*2 

0-5 

Fourth ten minutes 

82-5 

0-27 

74-5 


57*2 

0-17 

80*2 

1-34 

83-1 

0-61 

Fifth ten minutes * . . 

84-5 

0*25 

75-4 


59-6 

0-18 

90-5 

1*28 

1 

84-5 

0*41 


With the exception of the very porous Gisborne sandy loam, the run-off 
from the various soil types was fairly uniform. These trials were carried 
out using boxes of soil in which the soil was apparently more consolidated 
than under field conditions. The soil^ derived from volcanic ash (Gisborne 
and Waiwhare) and the long-cultivated Matapiro soil were most 8uscej)tible 
to loss of soil by sheet erosion. 

The lack of structure in these soils is significant ; in the former it is 
inherent, while in the latter it is induced by cultivation. 

The above results are well maintained under field conditions on severely 
grazed and consolidated })asture.s. Losses of water were greater than on 
cultivated soils under field conditions. 

Severe grazing and tramping appear to overcome differences due to soil 
type. 



Fia. 5. — Severe soil erosion after heavy rain. Ap. 1938. Devil's Elbow. 
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However, field trials on cultivated soils of each type indicate clearly 
the individual behaviour of each soil type with respect to run -off and soil 
loss (Fig. 6). Gisborne and Waiwhare types were most absorbent, while the 
over-cultivated Matapiro soil and Waiwhare soil were most readily removed 
by sheet erosion. 

The fact that Gisborne sandy loam \vas least affected by sheet erosion 
under field conditions and most aff*ected under trials in boxes emphasizes 
the difficulty in creating comparable artificial conditions in box(‘s. 

Under field conditions (Tisborne and Waiwhare loams suffer most from 
sheet and gully erosion, Weber loam suffers from slipjiage and flowage, 
while Matapiro and Bendzina loams suffer moderately from sh(*et, vslip, 
and gully erosion. 



10 203040 5060708030 

Time in trinufes . Rain >5 inches per hour Slope IS decrees 


BUMlfANO SOIL LOSS FROM ERODED GiSBORHE SANDY LOAM^RIOWHARI) 



In connection with the effect of farming on the erosion of the various soil 
types, Macdonald Holmes((), p. 34) states that the momentum of the 
erosion cycle in most of the soil types is very much less than the man-made 
erosion cycle ” in the Western Division of New' South Wales. 

Air Contents of Soils 

For the purposes of comparison, the air content of typical samples of 
soil was obtained by a simple and direct method. 
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The high air content of unfarmed soils indicates the extent of pore space 
and suggests that the structural arrangement of the soil is conducive to the 
rapid movement of water through it. Under consolidated conditions the 
converse of this aj)i)ears to be true. 


Table VTl. — Air Content op 8otls, by Volume 

Condi tloij of SoiJ uaU VogetAtlon, 

Depth (Inches). 

NuTiiber of 
Samples. 

Percentage of 
Air. 

Seven* ly ^irazecl and oonsolidated pasture . . 

6 

4 

11-6 

Soil cultivateil for many years 

6 

3 

19*0 

Pasture invaded by ftTn and mauuka 

t) 

3 

24-3 

Forest soil iH’ineatb tlie litter 

(r 

4 

56-8 

Loss ON ICNITTON AND WaTER CONTENT OF COMPARABLE SoiLS 
Considerable change in the content of these has been brought about by 

land nsiL The loss on ignition was determined to give an approximate 

measure of the organic-matter content. 




Table VIII 





Water C-ontent , 

:L().ss on 
Ignition (per 
(!cnt.). 

Soil and Conditions. 


as Percoutage 
on a Dry -matter 
Basis. 

Matapiro soil type — 




Eroded north slope — poor pasture 


6*5 

7*1 

Noil-eroded south slope— good pasture 


171 

10 -7 

Eroded stock paddock almost bare . . ' 


14*7 

4*0 

Non-er’odcd grassland nearby 

. . 

25*6 

7*82 

Eroded pasture 


10*3 

6*55 

Kon-eroded pasture on roadside 


20 1 

14.-60 

Eroded land under cultivation 


16-2 

4-53 

Non-erodcd old ungrazed pasture 


26 -4 

10 -27 

Eroded pasture nearby 


12-5 

4-96 

Crownthorpo sandy loam — 




Rank ungrazed pasture 


23- 1 

9*3 



22-8 

9-0 

Poor eroded pasture 


9-6 

2*7 

Eroded slip area . . 

. . 

8-4 

31 

Strong bracken fern 


24-2 

10-4 

Strong manuka 


23-4 

9-3 

Medium bush 


26*7 

11*03 

Burnt-over scinib area 


121 

5*6 

Waiwhare soil type — 




Rape after pastuw) 


12-4 

10*6 

Ploughed old pasture 


11*3 

10*2 

Good pasture 

.. 

35*8 

9*3 

Rendzina soil type — 




Poor pasture 

. . . . 

9-4 

7*6 

Poor pasture 

. . . . 

7*3 

6*6 

Eroded slip area . . 

.. 1 

6-8 

1*3 

Rank roadside pasture 

.. 1 

18-3 

12t6 


The above, samples were collected when the soils were moderately wet, 
and serve to illustrate the effect of vegetation and extent of erosion on 
water and organic-matter content. 
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Analyses of soils from comparable situations (with resp(»ct to slope and 
soil type) prove that water and organic-matter content decline under severe 
grazing and cultivation and are lowest on severely eroded areas. The 
appearance and j)roductivity of soils in the field confirm these results. 

Soil Structure Determinations in Relation to Type of Vegetation 

and Use of Land 

Two hundred-gram samples of air-dried soil from each situation were 
shaken with a rotational movement for five seconds and the fractions held 
on each sieve weighed, while the smallest fraction was retained in a basal 
tray. 

Tahlk IX. — Stbuctore Detkkminatios 



Number 


Diameter of Agsregates. 


Soil Gouditions. 

of 

Samples. 

Over 
(> mm. 

mm. 

min. 

0f>-I 

mm. 

Tj nder 

0*5 mm. 

Matapiro soil type* : — 

Forest . . 

3 

52*5 

23-7 

13 0 

7*75 

1*25 

Manuka 

3 

30 0 

23-5 

17*75 

17*25 

0*0 

Bracken fern 

3 

3 f >'7 

22-5 

17*75 

17*25 

0*3 

Ungraz(^d grasses 

4 

300 

29*9 

19*5 

19*0 

4*0 

Good grazed pasture 

3 

23 0 

22*3 

20*2 

24*0 

9*2 

Soil cultivat(?d for forty years 

3 

13 2 

1 

18-2 

21 0 

29*0 

18*3 

Silt deposit from recent flood 

2 


4 - r > 

12*5 

20*0 

02*5 

Older alluvium under grass 

2 

44 0 

25-25 

1()*25 

8*75 

5*75 

Rendzina soil type ; — 

Forest . . 

2 

42-5 

20-0 1 

17*5 

12*5 

5*0 

Ungrazed grasses 

2 

51 0 

23*5 

12*3 

8*1 

5*5 

Grazed pasture . . 


I 34-3 

23*3 

15*1 

12*3 

13*0 

Poor pasture 

2 

I 20 

20 

19*6 

23*0 

17-5 


Considerable differences in the proportion of the various aggregates 
according to the condition of the soil suggest a corresponding variation in 
the erodibility. 

Table X. — Water-stable Structure 



Number 


Diameter of Agi^reKates. 


Soil Type and Condition. 

of 

Samples. 

' 

! 

Over 

6 mm. 

1 

mm. 

ram. 

0*.')-l 

Him. 

! 

Under 
0*5 inm. 

Matapiro 

Forest . . 

2 

44*9 

18*6 

11*0 

j 

8*4 

10*5 

Pasture 

2 

34*4 

27*0 

14*3 

13*4 

91 

Cultivated one year 

2 

18*2 

11*8 

11*0 

33*5 

24-5 

Cultivated forty years 

2 

1*8 

4*0 

5*7 

19*9 

07*5 

Gisborne loam — 

Roadside pasture 

2 

34*2 

13*8 

9*4 

25*2 

10*5 

Cultivated 

2 

4*4 

8*2 

10*5 j 

22*0 

53*6 

Severely eroded . . . . 

2 

0*5 

19*4 

18*2 ! 

30*1 

20*0 


The variation in proportion of aggregates of each size is pronounced 
in various soils. The reduction in size and number of aggregates on farmed 
soils suggests that structure, measured in terms of water-stable aggregates, 
declines with land use. The effect of continuous cultivation on the dis- 
integration of water-stable aggregates has been established experiftientally, 
and helps to explain the apparent “ melting ” or liquifying of such a soil 
during heavy rain. 



3 
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Yoder(7) states that “ organic colloidal cements may yield water-stable 
aggregates capable of resisting many alternate wettings and dryings in the 
field. On the other hand, most of the inorganic colloidal cements hydrate 
or dehydrate readily with alternate wettings and dryings, with the result 
that the soil is characterized by an unstable strucitiire.” Beaver and 
Rhoades(8) found “ that soils high in organic matter contain 15 per cent, 
to 30 per cent, more granules than those low in organic matter and that 
the granules are three times more stable.” 

The difPerenc(‘ between grassland and c(‘rtain forest soils in respect to 
water-stable aggregates is not as great as other evidence suggests (Figs. 7 
and 8). However, this method does not measure the stability of the aggre- 
gates in situ, and it appears jjrobable that the handling of the sample is 
sufficient to disintegrate the less-stable aggregates of forest soils. 

Water-holding Capacity 

During the progress of the investigations the water-holding capacity 
of various soils was determined, and these were of interest, ])articularly 
in relation to type of cover. 

Tasle XI 


Habitat and l^ayer. 

Avtratjc Per- 
reiilage of 
Water ' held 
(on a Dry- 
weiiKhi Basis). 

Number ol’ 
8ainj)leH. 

OiBborne »andy loam — 



Fort^fit rimu surface layer, 2J in. to C in, in depth 

151 

3 

Forest mixed bush floor, d in. to 8 in. in depth . , 

100 

3 

Manuka, 4 in. in depth . . . . . . . . 

104 

2 

Rraekeri fern, 4 in. to 8 in. in depth 

94 -d 

3 

Grassland, 0 in. in depth 

05-3 

d 

Cultivated, d in. in depth 

42-8 

5 


However, a more practical comparison reveals greater uniformity in 
respect to absorption : — 

Table XII 


Condition of Soil. 

Average 
Watcr-hoidhig 
C’apacity 
(per Cent.). 

Average 

Speeille 

Gravity. 

Rain aUsorbed 
per Inch 
Depth of Dry 
Soil (Inches). 

OiBbom© sandy loam — 

1 . ■ ■ 



Forest — 




Litter 

2(K) 

0-5 

1-0 

Top 6 in. . . . . . . 

100 

1-3 

1-3 

Pasture : Top 6 in. . . . . 

d5 

1-7 

0-99 

Cultivated : Top d in. 

43 

1-9 

0*81 


The water-holding capacity (as measured by the absorption per unit 
weight of air-dried soil) of those soils rich in organic nlatter contrasts definitely 
with those under cultivation. Translated into inches of depth of soil there 
is greater uniformitv in behaviour. Under ideal conditions of infiltration 
the capacity of a soil to hold water would appear to be limited by its depth 
and initial water, content. Under natural conditions the maximum water- 
holding capacity of the soil oan .be utilized, but under farmed conditions this 
is seldom possible owing to the surface-soil conditions not being conducive 
to rapid infiltration. 
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Litter 


The influence of litter in reducing run-off and soil loss is prominent in 
trials. 


Table XIT 


j 

1 Slope 

1 

Kun-eff 
(])er Cent.). 

Soil Loss 
(Tons). 

Forest 




Undisturbed — rain, 3 in. per hour . . . . 

25 


. , 

Litter removed . . . , . . . . 

25 

li 

0-08 

Grassland — 




Poor danthonia pasture . . 

20 

45 

0-47 

Poor daiilhonia plants removed 

20 

72 

2 5 

Partial cover (stock paddock) — 




26 per cent, to 30 per otmt. cover and litter . . 

15 

60 

1-84 

Bare ground . . 

15 

73 

312 


The protection of the surface soil from direct battering by raindrops, 
the stabilization of the surface, and the resistance to surface flow a].»pear 
to be important attributes of litter. The development of a thorough net- 
work of surface rootlets was associated with a well-developed layer of litter 
(Fig. 9), but such a woven layer is not found on j)artially bare soil. 

Under severely grazed pasture conditions the surface layer is coated with 
a tramped matrix of dead leaves, seed heads, stalks, and dung, which was 
found to be relatively resistant to the action of raindrops. When this layer 
is shaved off, loss of soil and water increases considerably. Under forest, 
fern, flax, and scrub the greater depth of litter is more effective, but the 
absorptive capacity of the litter is not sufficient to account for the remarkable 
intake of rain under these conditions. The protective and stabilizing effect 
of litter appears to be of greater importance than its absorptive capacity. 


Litter and Roots 

The previous experiment indicated that the abimdance of surface roots 
has a considerable influence on soil stability and porosity, consequently it 
was arranged to eliminate, in sequence, the effect of litter, roots, and structure. 


Table XIV 


(Rain, 3 in. per hour ; two 20 min. applications) 




Run-off 

Soil 

i.OSH. 

Soli Loss. 

Treatment. 

Slope i®). 

(per 

Tons per 



Cent.). 

Hour. 

(1) Normal forest floor, Crownthorpe sandy loam 

/ 26 
\ 26 

oUo 



(2) Forest floor, litter removed 

/ 25 
\ 26 

0-46 

M 

0*08 

. 0-44 

(3) Forest floor, litter removed and dug 8 in. to 

25 

2-2 

009 

0-27 

destroy the influence of roots 

25 ! 

6-8 

. 016 

0-45 

(4) Forest floor dug up 8 in. deep 

25 

15-3 

008 

0*24 

Raked over and consolidated 

26 

47-5 

1 

013 

7*15 

i 


In the previous trials it was apparent that the abundance of rootlets in 
the lower layers of the litter had an influence on soil stability, porosity, and 
structure. 
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The removal of the surface litter resulU'd in small surface losses of water 
and soil. The removal of the influence of roots by digging the forest soil 
resulted in increased loss of water by surface run-off, but there was no 
appreciable loss of soil. The subse(|uent cultivation and consolidation by 
tramping of forest soil created conditions favourable to surface run-off and 



Fio. 9. — Dense root array and good structure in forest soil, Tangoio. 

soil loss comparable with those sustained under cultivation. The structure 
developed in association with much litter and a dense array of roots appears 
to be a potent factor in assisting infiltration. In addition, the extensive 
and deep roots increase the effective depth of soil and subsoil for the 
absorption of water and for the disposal of excess water by percuiation. 
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Binding Capacity of Boots 

An excellent opportunity of comparing the binding effects of types of 
roots was afforded in the Esk silt on areas where an incomplete cover of 
grasses, clover, lupins, and barley was found. The plants were loosened with 
a 8})ade, a rope tied round the crown of the plant, and it was weighed with 
the adhering silt. The mass was then placed in water, the silt was removed, 
and the roots were weighed. By this means the soil-binding capacity of the 
roots could be roughly measured. 

Table XV" 


Plant. 

Weipht of 
ICarl.h and 
Plant Ob.). 

Weight of 
P14nt (lb.). 

Weight of 
Hoots (lb.). 

UoM.. Earth 
Batlo 7 i — T- 
Boots 

Barley 

7-2 


0-00 

114 

Prairie grass . . . . 

3r> 

M 

0-2r> 

130 

Rye-grass 

10*:} 

0 18 

0-07 

143 

Tall fescue . . . . . . 

40 

21 

0-34 

110 

Plantain . . . . . . 1 

18 

10 

0*14 

120 

Lupin . . . . . . 

L.3 

0-01 

0*04 

8 


M 

0(>2* 

O-Oo 

8 

Rod clover 

11 

0*24 

O-Il 

90 

White clover 

n 

0*30 

0 14 

75 


The long and very numerous fibrous roots of grasses permeate the soil 
so thoroughly that the entire mass of silt beneatli the f)lant can be lifted 
bodily with little difficulty. The ratio of the soil lifted to the weight of the 
roots was very high with grasses in comparison with other plants tested. 

The binding effect of the roots is well exemplified in this trial, but 
the total soil contacted by the roots is not accounted for owing to the 
breaking of fragile rootlets. The extent of the rooting system was indicated 
by Paviychenko(15), who found that a single wild oat plant eighty days 
old had a root system fifty-four miles in length. 

In order to obtain an indication of the relative quality of roots per unit 
area, 2f in. cores were obtained with a soil sampler to a depth of 8 in. 

The samples were soaked thoroughly and washed on a fine sieve, and the 
roots were removed from the mass with forceps and weighed. 


Table XVI 

Type of Vegetation. 

Rimu bush . . 


Weight of Boots 
(Grams per Core). 
.. 10-8 

Manuka scrub . . . . ’ 


.. 1-85 

Flax 


.. 215 

Good pasture 


.. 3'25 

,, . . . . 


.. 41 

IJngrazed pasture ; . 

, . 

.. 51 

Poor pasture 


.. 0-22 


Roots greater than 0*25 in. diameter are excluded. 

The binding-capacity has a greater significance when the weight of 
roots in the top 8 in. of soils is estimated quantitatively. There are apparently 
sufficient roots to stabilize the soil beneath vigorous vegetation. By contrast, 
the loss of this binding effect by roots must seriously interfere with the 
stability of the soil. > 

The binding effect of grass roots can be frequently observed on eroded 
areas, where numerous islands of danthpnia. (1 ft. to 3 ft. in diameter .and 
2 ft. in depth) are the surviving remnants of vegetation. Larger islands of 
native flax (Phormium) are also very common (Fig. 10). 




Fig. 10. — Roots of flax plants resist soil erosion until undermined, Blowhard. 



Fig. 11. — Frequent burning has acoelerated^the removal cf topsoil by sheet e>x>8ion on 
this hillside, Kuripapanga. 
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Burning 

Consideral)le increase in run-off and soil loss occurred as a result of 
burning off the vegetative cover. 


TaBLK XVII. — ( -OMPARATIVE TRIALS ON THE INFLUENCE OF BURNING ON RUN-OFP 

AND 8otl Loss 

(Rain, 3 in. per hour ; slope, 1 ()‘ ) 


Soil and Vegetation. 

. Uii burned. 

Burned. 

Ituii-oflf. 

Soil Loss. 

llun-off. 

Soil Lobs. 

Matapiro type : Lightly grazed danthonia 

32*2 

0 01 

r)2-.'') 

0-83 

Waiwhare «oil type ; Manuka and tutu 


. . 

50 0 

1-45 

OiBlionie loam : Danthonia pasture* . . 

21-4 

002 

33*2 

0-48 

Weber loam : Dantlionia pasturt^ 

34 

Trace 

.54-4 

101 

Rendzina soil : Hank pasture 

2 5 

. , 

22-4 

0*8t> 

Mata pi ro loam : Manuka scrub 



44-8 

1-24 



Fig. 12. — Severe erosion on a holding paddock, contrasted with conditions in the next 

field, Tangoio. 


Many detached soil particles were found on the burnt surfaces, which 
were hitherto held in position by the surface litter and tillers of grass prior 
to the burn. These particles disintegrated rapidly with rain and together 
with the ash were washed into and apparently clogged the pores of the soil 
Lowdermilk(lO) found that the application of a 2 per cent, clay suspension 
rapidly clogged the pores of an unprotected soil, reducing the percolation 
rate by 90 per cent. He also found that the destruction of organic matter 
with a blow-lamp increased run-off three to sixteen times and soil loss 
twelve thousand times. From data in a later section it is shown that stems 
play an important part in acting as conduits for water into the soil from the 
collecting area of the leaves above. This mechanism is modified by burning 
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and the protective effect of surface litter is lost, enabling the rain to beat 
directly on the surface soil and cause movement of the unorganized soil 
particles. 

It is apparent that a hot, clean burn destroys vegetation and surface 
litter and predisposes tlui soil to considerable losses (Fig. 11). The widespread 
practice of burning native grassland, scrub, and fern has a much greater 
significance as a contributory cause of soil erosion, when the actual losses 
are measured and the cessation in supply of organic matter to the soil is 
considered. 


Tramping by Live-stock 

Critical information on the effect of tramping* by live-stock was obtained 
by comparing heavily stocked areas with controls nearby. 

Table XVTII. — Effect of Consolidation by TRAMriNo 


(Slope, 15° ; rain, ,3*1 in. per hour ; Crownthorpc sandy loam) 


Habitat/. 

.Normal. 

CouBoli dated by Tramping. 

Ruii-off 
(per Cent.). 

Soil Loss, 

In Tons per 
Acre. 

Run-otf 
(l>cr Cent.). 

Soil Loss, 
ill Tons per 
Acre. 

ForeHt 



21 

0-002 

,, . . . . . . 



58 

1-3 

• • • • • • 

6-9 


30-4 

0-07 

• • • • • • 



32 

0-85 

Manuka scrub . . 



24-6 

0-13 

Bracken fern . . 



27-5 

0-05 

Ungrazed pasture 

0-8 


53-5 

0-12 

Grazed pasture 

42« 

0 003 

62*8 

0-03 

Cultivated soils 

3-6 

0-005 

3M 

* 2-2 


15 4 

30 

570 

0-8 


In all cases the increase in loss of surface soil and water as a result of 
tramping is of such magnitude that this factor must be considered one of 
the most potent in accelerating soil and water losses. 

The results indicate the serious effects that live-stock can have on native 
associations of plants in New Zealand and the critical value of management 
of pastures in relation to soil and water couvservation. Not only is vegetation 
cut and mutilated by the sharp front wall of the hoof, but consolidation 
of the surface layers interferes vitally with several important characteristics 
of the soil discussed above. 

In the United States of America, Bowman(ll) states, “ the effect of 
tramping is well known throughout the West, vegetation is not only destroyed, 
but the ground is hardened, humus is oxidized, and litter is broken up and 
washed away/’ 

The effect of excessive tramping is well illustrated on various holding 
paddocks in the province (Fig. 12). 

Cultivation 

Comparative trials were made on soils that had long been, under culti- 
vation with those recently cultivated from pasture. Successive twenty- 
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minute applications of rain at 3 in, per hour intensity were applied to slopes 
of 15'^ in each case on wet Matapiro soils. 


Tabi.e XIX 


* Condition of Soil. 

llim-off, as 
Percentage 
of Rain. 

Soil Loss, 
in Tons per 
Acre. 

Fallowed land, firm surface, forty years under cultivation, 

, Matapiro sandy loam 

80 

0-9 

Ditto 

83 

102 


85 

1-32 

Same land, recently Jioed 2 in, deep 

35-7 

0-55 

36 

1-8 


64 

3-85 

♦Same land, lightly dug over 

15-4 

3 0 


49 

6-6 

Same land, recently cultivated - fine and firm 

57 

6-8 


64 

8-0 

Adjacent plot recently ploughed and dished from pasture 

0-7 


- 

3-6 

()-005 

99 

71 

0-012 

Same plot further harrowed, rolled, and consolidated 

311 

0-12 

36 

0-23 



Fitt. 13.— Sheet erosion has resulted in the removal of 18 in. to 20 in. of soil that has 
exposed the roots of these vines, Havelock North; . . 
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The greatest losses of soil and water measured were from (uiltivated 
land. The losses varied according to the soil type, condition of the surface 
(hard and firm, lightly dug, or merely hoed 2 in. in depth), and the length 
of time under cultivation. The effect of light cultivation (hoeing 2 in. in 
depth on fallowed soil) considerably reduced run-bfp during the first hour 
of rain, but the loosening of the soil caused a marked increase in soil loss 
after twenty minutes. Such a mulch results in extravagant losses of soil 
in rains of high int(‘nsity or long duration (Fig. 13). 

Deeper cultivation (digging 7 in. in def)th) reduced run-off considerably, 
but caused greater loss of soil after an interval of thirty minutes. 

Comparisons between overcultivated soil and soil recently cultivated 
from old pasture revealed that losses were of a much low(‘r order from the 
latter. Further cultivation and consolidation of the latter increased soil 
and water lossi^s, but the soil aggregates retained their individuality and 
remained rigid. Evidence that soil and water losses vary according to soil 
type was indicated above. 

Overseas evidence of the behavdour of soils under cultivation is confirmed 
with respect to the soils of Hawke’s Bay. The length of time that they can 
be safely kept under cultivation v^aries according to slope, soil t\'p(*, climate, 
and crop rotation. 


Infiltration Studies 

The rates of infiltration were comj)iled from numerous experiments 
with natural and artificial rain in the field, from trials with soils in boxes, 
and from l)rass tul)es 1 in. in diameter that were pressed into th(‘ soil. 


Table XX 


(a) Effect of Vegetation on Hate of Infiltration 


Forest . . 

Manuka . . 

Phormiurn 
Brac:ken fern 
Native? tussock 
IJugrazed grass 
Gra7.(?d grass 
Poor pasture? 

Eroded pasture 
Complet/oly erodtxi surfaces 
Burnt pasture 
Fallow and cultivated 


Greater than 

.*)•(} in. per 



3 

99 

99 


3 

3 

4 

99 


3 

0*73 in. 

to 

1*3 

0*4 in. 

to 

0*99 

0*25 in. 

to 

1*4 

0*25 in. 

to 

0*08 

0*45 in. 

to 

1*2 

0*22 in. 

to 

1*83 


(6) Effect of Soil Types on Infiltration in Saturated Soils ( in Boxes ) 


Infiltration Rates, in Inches per Hour. 



6® Slope. 

15“ Slope. 

25® Slope. 

Matapiro : Cultivated for forty years 

0-55 

0-50 

0*40 

Matapiro : Recently cultivated 

0-65 

0-00 

0-60 

Waiwharo ; Recently cultivated . . 

0-65 

0*00 

0*00 

Gisborne : Recently cultivated 

1-90 

1-35 

1*3 

Weber: Recently cultivated 

10 

0*55 1 

0*45 

Rendzina : Recently cultivated 

0-90 

0*60 ' 

0-65 
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(c) Ejfect of Duration of Rain (on Dry Soils in 8itu^ on Infiltration 
(Matapiro soil type (Fig. 14) ; 10 minute intervals ; intensity, 3 in. per hour) 






Grazed Pasture Infiltration 
Rat-o (Inches). 

Cultivated and Fallow 
Inflitratioii Rate (Inches). 


Per Ten 
Minutes. 

Per Hour. 

Per Ten 
Minutes. 

Per Hour. 

First 




^0-32 

1 - 92 

()-33 

1-98 

Second 




0-22 

1-32 

0-23 

1-38 

Third . . 




015 

0-90 

019 

1-4 

Fourth 




0 13 

0*78 

0-10 

0-90 

Fifth .. 




0125 

0-75 

0- 13 

0-78 

Sixth . . 




0 125 

0-73 

0 12 

- 4 

0-72 


INFILTRATION RATES AT 10 MINUTE INTERVALS. 
FOR! HOUR. MATAPIRO SOIL TYPE. 



For purposes of comparison, samples of soil were obtained in 1 in. 
diameter cores in sharpened brass tubes 12 in. long. These tubes were 
forced into each soil until a core 6 in. in depth was obtained. To each 
tube 100 ml. of water was added and the percolate was measured and thf? 
rate of infiltration recorded as follows : — 


Table XXI 


Type of Cover. 

Bush 


Intiltration Rate, iu Indies 
per Hour. 

.. 23-7 

Manuka scrub 


.. 20-8 

Bracken fern . . 


.. 10-3 

Ungrazed pasture 


.. (>-7 

Pasture closely grazed , . 


.. 1-5 

Eroded clay slip 


.. 0-012 


Previously determined infiltration rates agree with the latter two results, 
but no comparisons can be made with the former results, since the rain applied 
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was not of sufficient intensity and duration to satisfy the? maximum rate 
of infiltration. 

From the results it appears that the influence of type of A||getatioii and 
the associated soil conditions is of paramount imf)ortance in respect to the 
rate of infiltration. The sharp decline in the rate on farmed land is very 
significant. 

The variation in rate due to differences in soil type is clearly in evidence 
in the second series of figures. Gisborne sandy loam, which is of pumiceous 
origin, has approximately four times the infiltration capacity of over- 
cultivated Matapiro soil. The rate at which infiltration declined during 
the first hour of rain was fairly constant on both fallow and grazed pasture 
land. There was a tendency towards a higher rate of infiltration with the 
lower intensity of rain when used on fallow land. This was possibly due 
to the reduced turbidity of the run-off. 

When the infiltration rate was measured by brass tubes, much higher 
rates were obtained for unfarmed soils, but on farmed soils results agreed 
with those obtained by the other method. 

The rate of infiltration appears to be a useful criterion for evaluating 
soil reaction in the field under the large range of conditions of soil and 
vegetation found in Hawke’s Bay. As a relatively small area of the province 
is cultivated, the influence of pasture and native plant cover on infiltration 
is important. It has already been shown that run-off varies according to 
the severity of grazing and tramping of pasture land, hence pasture manage- 
ment becomes the most important factor controlling the total infiltration 
of the area. 

Infiltration rate exhibits a high degree of correlation with porosity 
(measured by displacement of air), structure (as measured by content 
of water-stable aggregates above 0-5 mm.), and organic-matter content 
(indicated by loss on ignition). 

These characters are largely conditioned by litter and root array, which 
are dependent upon type of vegetation. The vegetation, in turn, can be 
regarded as a product of land use. Consequently, it is not surprising to 
find a high degree of correlation between land use and rate of infiltration. 

As soil and water losses can be regarded as a function of the lack of 
effective veg(*tation, it is expected that soil erosion is correlated with the 
deterioration of vegetation. Under field conditions the inception of soil 
erosion is closely associated with deterioration of plant cover. 

W*hen dealing with a habitat, two groups of factors are operative — those 
of the soil and those of the plant. This soil-plant complex has clearly been 
evolved by the interaction of each, and infiltration can be regarded as the 
resultant of this interaction. Under natural conditions the plant appears 
to dominate the reaction of the complex, but under farmed conditions a 
more evenly balanced effect is exerted by soil and plant factors. On over- 
grazed, overcultivated, and eroded land the roots, organic matter, and structure 
have been gradually eliminated, consequently the infiltration rate falls to 
the level of the inherent capacity of the inorganic constituents of the soil. 

This important factor is, according to authorities, best indicated by 
dispersion ratio and ratio of colloid to moisture equivalent (Ayres(12, pp. 25-29) 
and Bennett(13) ). 

In Hawke’s Bay, where a large proportion of the area is covered by 
a permanent vegetation, this basal rate of infiltration does not appear to 
be as important as the influence exerted by plants on the rate of infiltration. 
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Interception and Control of Rain by Plants 

The above investigations indicate that the factors associated with a 
mature soil-})lant complex expedite infiltration and reduce surface soil and 
water losses ^most to zero. Elimination of the plants concerned by grazing, 
burning, or cultivation causes greater run-off* and soil loss, suggesting that 
the plant plays a direct role in assisting infiltration. 

During the previous investigations it was observed that the distribution 
of rainfall beneath vegetation was erratic and that the soil near the roots of 
isolated [)lants was wetter than the surrounding soil after application of rain. 

The interception by foliage and branches of various ])lants was investi- 
gated under natural and experiniental conditions. In th(? first instance 
rain-gauges were placed beneath individual plants and the series of readings 
was compared with a control gauge. It was found that the drip and rain 
penetrating the foliage of dense shrubs and trees was varied in its distribution, 
and on the average of twenty-two trials was from 18 per cent, to 30 j)er cent, 
of the quantity recorded by the control gauge. 

Further trials were carried out in heavy mixed podocarp-dicotylous 
forest at Ohurakura to d(d-ermine the relative enhetiveness of different types 
of vegetation in intercepting rain. 

During a period of twenty weeks, 20*15 in. of rain was recorded in the 
clearing, but only 12*70 in. of rain, or 44*4 ])er cent, of the above, was recorded 
on the forest floor. On ten occasions the rainfall w^as less than 0*55 in. in 
the open, but only in two of these cases was there any rain recorded by the 
gauges in the bush. On the remaining ten occasions an average of 45*1 per 
cent, of the normal rainfall was recorded oii the forest floor. Light rains 
are apparently almost completely intercepted by the canoj)y of vegetation, 
while rains of high intensity are partially intercepted (average, 54*9 per 
cent.). The reduction in the percentage of rain intercepted appears to be 
due to the reduced time available ;for evaporatio!) and to the greater 
momentum and splash from larger drops of rain. The dispersed rain drops 
and drips reaching the ground surface were readily absorbed by the moss 
and litter covering the forest floor or penetrated ra})idly to lower horizons. 

Interception by grasses was measured by placing gauges between tufts 
of rank grass. Over a period of three months the average of ten gauges 
revealed that 90 per cent, of the rainfall was intercepted. The figure 
applies to the areas not occupied hy the crowns of plants and must 
lie corrected according to the density of the sward. On the major 
jiroportion of a grassland area the rain falls on, or is conducted into, the 
dense mass of tillers forming the crown of the plant. 

These trials indicate how two types of vegetation interfere with the 
rainfall and bring under their control a considerable proportion of it. 
Miisgrave and Norton (14) measured the |)ercentage of rain interc(U)ted as 
follows: Corn, 21*9 ; alfalfa, 21*2 ; and clover, 18*6. 

The quantity of water retained on the leaves was checked by immersing 
the leaves of several plants in water and weighing again when the drip 
ceased. The weight of water adhering to the average green leaf was 35*7 per 
cent, of its weight, to dead leaves and leaf mould 144*5 per cent., and to 
moss 413 per cent. 

A ])roportion of rain was thus controlled by the leaves and evaj)oration 
was facilitated during and after the rain. The. ])roportion of rain evaporated 
from leaves dej)ends U}K)n the intensity of the rain, temperature, humidity, 
and wind. 

In order to account more fully for that proportion of the rain brought 
under the influence of the plant, artificial rain was applied to areas of 2 squar© 
feet of vegetation arranged to simulate the natural density of leaf and twig 
spacing. The quantity of water held by the leaves, the quantity of drip, 
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End the quantity draining down the stems was measured after the application 
of 0*5 in. of rain in ten minutes to this area of vegetation. Aj)proximately 
104 per cent, of the rain was not accounted for and was lost as splash from the 
leaves within the area. The average results of ten trials indicated that 
12*6 per cent, adhered to the leaves, 3B per cent, fell on the ground surface, 
and 36*8 per C(‘nt. drained dowii the branches into collecting bottles. 

The exj)erimental error introduced by s])lash from the leaves and in- 
sufhcient rain-gauges was reasonably low under the circumstances. Manuka 
was the most effective plant tested in this grou]), the sjiiall leaves of which 
make acute angles with the stems and twigs that are closidy spaced to form a 
dense canopy. 

The results of these trials wer(‘ further checked on a cliestnut-tree 16 ft. 
in height with a spread of branches of 83*2 scpiare fe(*t. The quantity of 
rain falling on the tree was calculated, while the drip and water flowing down 
th(i trunk were measured (the latter was uK'Esured after being <ieflected into 
a large vessel). 


TAaHO XX II..-' INTEIICEI’TION OF VVaTEK KLOWINO DOWN TkCNK OF (.lllESTNCT- 

TiiEE 16 i<T. Hicn 



Date. 

Jtainfall 

(Du'hes). 

( ■<»ntrol 

(ml.). 

AvtTUKc of 
Lijilit 
(Jaujieh 

uiitler Tree 
(in!.). 

Percentage 
of Rain 
falling 
umler ’I'ree. 

Rain-water 

draining 

down 

'J'ruuk ill).). 

I’erccntage 
of Rain. 

Percentage 
of Rain not 
accounted 
for. 

J )oc. 

12 .. 

0-40 

(i.5 

Ml 

17 OT 

79 

47-2 

35-73 


IJ . . 

0-53 

82 

26-6 

32-4 

112 

49-9 

17-7 

Jan. 

12 ... 

0-53 

82 

24 1 

21) *5 

1 JO 

50-0 

20-5 


IJ . . 

017 

30 

7-3 

24*3 

38 

53-3 

22-4 


21 .. 

0 03 

4 

0-9 

22 « 5 

6-5 

51 -9 

25-6 


25 . . 

0 04 

7 

M 

15-8 

71 

42-4 

40-8 


27 . . 

012 

20 

51 

25*5 

25 '2 

49-6 

24-9 


28 . . 

0-04 

7 

J ' 1 

15-8 

(>•5 

38 - J 

46-1 

Feb. 

. . 

0 04 

7 

1-5 

21-4 

8-5 

50-4 

78-8 


4 . . 

012 

22 

()'6 

30 '0 

ir>() 

50 '8 

19-2 


6 . . 

0-06 

10 

1-3 

13 0 

JO'3 

-10-3 

46-7 


'24 .. 

0'03 

4 

10 

25 0 

5-4 

40-9 

.34-1 


24 .. 

0 07 

13 

45 

34 '6 

16-2 

54 H 

10-8 

-< 

'24 . . 

0-24 

41 

14-3 

.34-8 

38-4 

45-2 

20-0 


1 24 . . 

0-29 

48 1 

12-6 

26-2 

4S'7 

37-4 

36-4 


^24 .. 

0-20 

35 

13- 1 i 

37*4 

30-5 

1 37-3 

25-3 

Mar. 

fl .. 

0 07 

12 

2-65 

21 2 

17-2 

57-7 

21 • 1 


J 1 .. 

0 05 

8 

3*5 

17 2 

9-4 

1 45-6 

37-1 


ii .. 

0 09 

15 

3-25 

21-6 

19-6 

57 • 6 

20-8 ‘ 


[i .. 

0 09 

16 

3-25 

20-4 

22-4 

58-4 

21-2 


12 .. 

0-05 


2 

33-3 

8-2 

40-6 

26-1 


14 .. 

0-30 

50 

J60 

32 0 

8-2 

48-2 

19-8 

Apr. 

2 

01 

20 

51 

25-7 

221 

52-1 1 

22-2 

13 !! 

0- 16 

30 

8*3 

27-6 

36-6 

54-2 ‘ 

18-2 


1.5 . . 

0*30 

48 

170 

35-4 

67-7 

53-7 

10-9 


18 .. 

0-55 

85 

35* 1 

,37-9 

116-2 

50-8 

11-3 


20 .. 

! Oil 

21 

51 

24-3 

16-2 

35-4 

40-3 


21 . . 

0-74 

120 

43*5 

36-2 

153 

30-7 

13-1 

Average per- 
centages 




20*3 

1 

48*2 

25-5 


Over a period of five months (Table XXII) the averages for the destination 
of the rainfall were as follows : 73*7 per cent, was intercepted, and 26*3 per 
cent, reached the ground surface beneath the tree as dispersed rain and 
drip ; 48^2 per cent, of the total rain flowed down the trunk of the tree, and 
the remaining 25*5 per cent, of.the intercepted rain adhered to tjie foliage or 
was evaporated. It was noted that a larger percentage of the rainfall reached 
the ground surface beneath the tree during the rains of higher intensity. 
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The high proportion of rain-water flowing down the trunk of the tree 
was further investigated by measuring the rate at which water flowed along 
the roots of the tree. The rate of flow (measured by absorption of cotton- 
wool tied round typical roots) was sufficient to account for the disposal 
of the water flowing into the soil at the base of the tree. 

Further trials were carried out on forest trees in order to observe the 
comparable eflects of rain of high intensity. Water was poured down the 
trunks of trees at a rate of flow calculated to be equivalent to the flow down 
the trunk of such •a tree during a 4 in.-per-hour rain. As there was no 
surface run-off, it was concluded that the root syvstem was capable of con- 
ducting into the soil the maximum flow down the trunk that was likely 
to occur. During and aft(‘r very heavy rains there was no evidence of 
surface run-off from the bases of trees, except where the soil was tramped 
and consolidated by stock. 

Further confirmatory evidence of the activity of roots was obtained from 
the examination of wetted profiles after a heavy rain on previously dry soil. 
Thirty-two pairs of observations were made comparing the penetration of 
rain beneath plants and on bare ground, the average results of which were 
8‘3in. and 2*0 in. . respectively. The rain penetrated most deeply by way 
of the root system, producing typical V-shaped wet cores below individual 
plants. By comparison, penetration was very limited on bare, tramped 
soil. 

Examination during heavy rain reveals that forest trees vary considerably 
in their capacity to intercept and conduct rain into the ground. The 
effective depth of the canopy and its resistance to penetration of rain largely 
depends on the life form of the tree. Infiltration near the tree and flow 
along the roots is assisted by the litter and loosely arranged soil particles 
that are held in place by the tangled mass of surface rootlets. Associated 
with most forests is a liberal growth of mosses, lichens, and decaying wood, 
which are very absorbent. The capacity to accommodate high rainfall 
appears to be greater in forests owing to the very deep penetration of the 
roots and well-developed structure that brings into operation the maximum 
water-holding capacity of the soil. 

Although the life form of native grassland contrasts sharjJy with, that 
of forest, certain characters associated with it compensate for the reduced 
canopy. The basal portion of the tussock grasses (6in. to 24 in. diameter) is 
large in proportion to the total spread of the foliage, consequently a large 
quantity of the total rainfall is either conducted into or falls directly on to 
this basal portion. The butts of the tussocks occupy from 10 per cent, 
to 50 per cent, of the total area of the ground surface and consist of an 
organized litter made uj) of dead leaves held in place by numerous living 
tillers. Such a butt is from 13 in. to 16 in. above ground and extends 
below ground-level to a depth of from 3 in. to 12 in. Smaller turf-forming 
species occupy the ground between the tussocks, to provide a very thorough 
cover. The abundance of fibrous roots hold the surface layers of the soil 
much more rigidly in place than do the larger surface rootlets of forest trees. 

Evidence has been produced to prove that a varying proportion of rain 
is intercepted by the foliage of plants and that it is conducted down the 
stems and into the soil by the roots, along which it flows freely. 

The proportion of rain brought under the direct control of the plant 
varies from 50 per cent, to 90 per cent, in associations of native plants. 

Various combinations of roots, foliage, and litter found in native 
associations of plants aj)pear to be so adjusted that protection is aflbrded 
from the intensities of rain experienced. On. farmed land such protection ia 
impaired by the consolidation of the soil and reduction in quantity of foliage. 
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In the United States of America erosion-control practices (aiforestation 
and restricted grazing), as well as measurements of run-off and soil loss 
from various ty])es of vegetation, confirm the value of the complex conditions 
created by vigorous vegetation, but no mention is made of the direct 
activity of the ])lant. 

From the figures quoted and observations made on the range and extent 
of native plant associations it can be deduced that the survival value of 
adaptations favouring conservation of water is high in many habitats. 

The dynamic activity of jdants in conducting water into the soil com- 
pletely reorients conceptions of the conservation value of plant cover. ^ 

Conclusion 

The marked contrast between surface losses of soil and water from farmed 
soils and those under natural conditions is very significant. Comparative 
studies of the various factors controlling run-ofi’ and soil loss indicate their 
relative importance. The dominating influence of maturci native vegetation 
with its extensive roots, deep litter, and well-develo])ed soil structure is 
significant in controlling surface losses of soil and water. 

Inv(;stigationB show that land use or management factors — burning, 
grazing, and cultivation — used by man, bring about changed relationships, 
the extent of which largely conditions losses of soil and water. Progressive 
consolidation accompanied by destruction of surface vegetation, litter, 
roots, and organic matter leads to loss of structure and water-holding capacity, 
with the result that the infiltration rate of the soil declines. The rate of 
decline is closely related to slope and soil type ; while surfiice losses of soil 
and water are governed by these factors together with the intensity and 
duration of the rain. The evidence collected indicates that, save for 
negligible geologic erosion, soils under natural conditions are not erodible ; 
but the comj)act, modern counterpart of these soils is erodible to a degree 
that is contingent upon the severity oi the management practised (Fig. 15). 
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EXPERIMENTAL POISONING OF SHEEP BY NGAIO 
(MYOPORUM LAETUM) 

By I. J. Cunningham and C. S. M. Hopkirk, Animal Researcli Station, 
Department of Agriculture, Wallaceville 

[Beceived for jmblicatioyi, 10th Januaryy 1945] 

Summary 

(1) New Zealand ngaio {Myoporum laetum) was found to be poisonous 
to sheep. Doses of 1\ g. dried leaves per kilogram body- weight killed sheep 
in apjiroximately eighteen hours. Lower doses caused depression, loss of 
appetite, icterus, and photosensitivity. 

(2) The primary lesions were congestion of the liver and of the alimentary 
tract. Icterus and photosensitivity appeared to be secondary, and due to 
the accumulation of bilirubin and phylloerythriii in the circulation resulting 
from failure of bile excretion, which, in turn, was caused by congestion of the 
liver. 

(3) Rats w^ere susceptible to ngaio poisoning, but relatively much higher 
doses wrere recpiired tlian for sheep. 

(4) The essential oil of ngaio had toxic profierties similar to those of 
ngaif) leaves. 


The ngaio {Myoporum laetum) is a small tree, 8 ft. to 25 ft. in height, native 
to New Zealand, which normally grows in coastal regions but may occasionally 
be found some distance inland. 

It is known that ngaio is poisonous to stock, but this property is often 
forgotten because in normal circumstances the edibh? portions of the trees 
are not accessible. Animals may, indeed, run in fields containing ngaio 
trees for long periods without mishap. Then perhaps some misadventure, 
such as a violent storm, may lead to branches or w’^hole trees being blown 
down, the leaves are eaten, and stock are poisoned. The succulent leaves 
and twigs appear to be very palatable, particularly if they become accessible 
when the feed- supply is short ; large quantities are quickly eaten and 
mortality is usually high. A typical case of ngaio poisoning, w^hioh 
occurred in the Hawke’s Bay district in 1942, may be quoted as an example. 
Forty-four Aberdeen Angus two-year-old heifers were being held in a field 
in which the feed had become scarce because of dry weather. A storm 
blew down a ngaio tree and the leaves were quickly eaten by the heifers ; 
three days later twenty-three of the ‘forty-four heifers were found ’dead, 

Aston(l, 2) has recorded some similar cases in cattle and one case in a 
horse, and Hankin(3) has observed that pigs also are susceptible to 
poisoning by ngaio. 

Cases of ngaio poisoning in sheep under practical farming conditions 
have not been described, and it was one object of the writers to obtain 
detailed information in respect to this species. Moreover, the rapid course 
of ngaio poisoning in natural cases in all species has given little opportunity 
to study the symptoms and pathology of the condition. It is hoped that 
the observations recorded on experimental rats and sheep may be of value 
in this connection. 

19*-*Soieiioe, 
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Most of the work has been carried out on the New Zealand ngaio, but 
one experiment was made on the poisonous properties of Tasmanian ngaio 
(M. serratum)^ a closely related introduced species used as a decorative 
garden shrub. 


Experimental 

All of the plant material employed was collected near Wellington 
Harbour. Two collections of M, laetum were made, one of leaves, berries, 
and wood in March, and another of leaves in June. Leaves of M: serratum 
were collected in March. The term leaves ” has been used throughout 
this paper to indicate leaves plus approximately 4 in. of green terminal 
branchletvs. 

Samples were dried at 35*" C. and finely ground — the branches being 
more conveniently dealt with if first reduced to sawdust. 

For administration to sheep, the dried, powdered material was suspended 
in water and dosed through a stomach tube. In rat-feeding experiments 
the dry powder was incorporated in known proportion by weight into the 
mixture of cereals, protein concentrates, and minerals which constitutes 
the stock ration of the rat colony. 

Dry-matter figures for the different materials are given in Table I. 


Taivlk !. — Drv-matter Content of Myoforom Samples 


Sample. 

Dry Matter, 

M, laetum — 

per Cent. 

Loaves 

. . 25*4 

Berries 

.. 49-5 

Branches up to 1 in. diameter (wood) 

., 60*0 (approx.) 

M. serratum — 

Lea\'e8 

t 

.. 24*2 


Symptoms in Sheep 
M. laetum Dried Leaves 

A simfle dose of 7\g. dried leaves per kilogram body-weight was lethal. 
Death occurred within eighteen hours of dosing and was preceded by 
dullness and anorexia. On autopsy a considerable accumulation of yellow 
peritoneal fluid w'as found, the liver was congested with blood, and the 
urine deep yellow. The abomasum and small intestines .were congested 
with blood and spotted with pin-point heemorrhages. 

Single doses of 4g. to 6\g. dried leaves per kilogram body-weight were 
not lethal. Depression and loss of appetite occurred, commencing one to 
two days after dosing and persisting for as long as a fortnight.., 

A positive van den Bergh reaction was usually obtained in blood-plasma 
samples drawn the day after dosing, and icterus could be detected in the 
living animal on the second day after dosing. The van den Bergh reaction 
became maximal on the second day and then fell steadily, becoming negative 
within five or six days. In a typical case, which may be quoted as an 
example, the bilirubin contents of plasma samples taken one, two, three, 
four, five, and six days after dosing were 0*6, 2-8, 2*2, 2*0, trace, and nil 
mg. bilirubin per 100 ml. plasma. 

Acute photosensitization occurred in treated sheep which were exposed 
to sunlight. Symptoms usually appeared on the second day after dosing 
and persisted in ah active form for two to three days. Subsequently the 
cedcjpiatous swellings of ears and face subsided and lesions passed through 
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the normal course to the ultimate formation of dry scabs over the ears 
and other exposed portions of the skin. 

In photosensitive animals abnormal amounts of phylloervthrin and 
coproporphyrin were present iii the blood and urine. 

Autopsies made within a few days of dosing rc'vealed marked generalized 
icterus and a bright-yellow liver. In most cases the mucosa^ of the small 
intestines and the ciecum were inflamed and s])otted with small ha'inorrhages. 
The contents of the rectum were hard and dry. 

In autopsies mad(‘ three weeks or more aft(‘r dosing only slight icterus 
was noted, the liver was normal in colour, and the intestines were normal. 

Sm^le (loses of 2-5 g. dried material ])er kilogram body-weight produced 
only a slight reduction in appetite, while still smaller doses caused no 
noticeable effect. No microscopic changes w(*re observed in autopsies made 
on these cases. 

Reflated small doses were not toxic. Ten doses each of 1 *5 g. ()er 
kilogram given within tw<‘ntv-four days produced no apparent harmful 
effect. Four doses of 2-5 g. per kilogram body-\\'eight administered within 
nine days caused some de])ression and loss of ap])etite. 

Some cumulative effect ap})eaTed to exerted when iiulividual doses 
were large enough. Thus, in the second case (pioted in the j)r(‘vk)us 
paragraph a subse(|uent dose of 5-5 g. leaves per kilogram Ixxly-weight 
killed the sheep, whereas in other experiments it had been found that a 
singh^ dose of 5-5 g, per kilogram body-weight was not lethal for sheep 
which had had no other doses of ngaio. 

rFresh Ngaio Leaves 

In one ex].)erim(*nt fresh ngaio leaves were |)assed through the juice- 
extractor. In two doses on two successive days 5H() g. of juice were 
administered to a sheep Vhich weighed 28-8 kg. The juice ])roduced 
deprtjssion, loss of ap])etite, and icterus - a similar picture to that cauvsed 
by dried leaves. The histological changes in the livtn* were the same as 
those to be described for dried ngaio leaves. 

The residue after the extraction of the juice was also toxic, but less so 
than leaves of the same sample from which the juice had not been remo\'ed. 

M. laetum Berries and Wood 

Doses of dried berries and wood, comparable to those employed for 
leaves, proved non-toxic. Comparison w-as made by dosing leaves, berries, 
and powdered wood to three sheep at the same time and observing them 
under the same conditions. Table II shows the doses administered and the 
effect on body-weight. 


Tarle II. — Sheep dosed with Dried Leaves, Berries, and Wood from M. laetcm 


Sheep No. 

Material doned. 

Dose (Graius/Kilograni Bmly- 
weight) and Date. 

Body-welgilt, hi Kiloitrains. 

30t,h March, 
1942. 

, Sth April, 
1942. 

null April, 
1942. 

mh March, 
1942. 

, April. 1 

1942. 1 

8th Mav, 
1942. 

A9 

Leaves . . 

1 

5-5 

6-5 


210 

18-2 

23-0 

A40 . . j 

Berries . . 

5-5 

10 0 

15 0 

2L8 

20-4? 

22 0 

A19 . . 

! 

Wood ;.. 

6-6 

10 0 

150 

19 3 

18-3 

;>f ) . 2 


19 * 
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Sliopp A9, which was dosed with leaves, developed a mild degree of 
icterus, and a van den Bergh reaction of 1*0 mg. per 100 ml. plasma was 
found three days after dosing. On the fourth day after dosing symptoms 
of photosensitivity appeared. The oedematous swelling characteristic of 
])hotosensitivity disappeared by 7th April, 1942, but reappeared after the 
second dose of leaves on 8th April, 1942. The van den Bergh reaction was 
increased by the second dose of leaves, and reached 2*8 mg. per 100 ml. 
plasma on 10th April, 1942. Neither in sheep A40 nor sheep A19, dosed, 
respectively, berries and powdered wood, was there a van den Bergh 
reaction at any stage of the experiment and neither sheep showed any 
symptoms of photosensitization. Sheep A4() was scouring on 13th October, 
1942, but no other adverse symptoms were noted in cither sheep. 

These results, in comparison with the known toxic and lethal doses 
of ngaio leaves, were taken as evidence of comparatively low toxicity of 
dried berries and wood. 


M. serratum. (T<mnmiian Ngaio) 

The amount of leaves available was small and it was therefore possible 
only to conduct an experiment on one sheep. Three doses were administered 
to this sheej) ; 5| g. per kilogram body-weight being the initial dose, followed 
nine days later by a dose of 10 g. per kilogram, and five days later again 
by a dose of 15 g. per kilogram body- weight. 

The dose of 5| g. per kilogram produced no symptoms and therti was 
no van den Bergh reaction ; the dose of 10 g. per kilogram induced a van 
den Bergh reaction, the maximum reached being 1*0 mg. bilirubin per 
l(X)ml. plasma, but no other symptoms; the dose of log. per kilogram 
caused clinical icterus and a maximum van den Bergh reaction of 2*7 mg. 
bilirubin per 100 ml. plasma three days after dosing. Death occurred four 
days after the dose of 15 g. per kilogram body-weight. At autopsy the 
liver was found to be pale and somewhat neciotic ; the alimentary tract 
was normal. 


Histological Changes 
M, laetum 

Leaves . — The liver was the only organ which showed recognizable 
pathological changes. The spleen and kidneys were not damaged. 

Three phases of damage could be identified in the liver, and the different 
phases could be associated with different dose rates. 

Single doses of 7*5 gin. per kilogram body- weight, which caused acute 
poisoning, produced acute congestion of the central vein of the lobule with 
dilatation of the sinusoids leading into the vein. In some lobules this 
•congestion led to hsemorrhage. The cells in the hsemgrrhagic area became 
degenerated and the nuclei showed some karyorrhexis. 

After repeated doses of 4 g. to 6^ g. per kilogram body-weight changes 
in the central area were less prominent, but the effects in the peripheral 
zone of the lobule were marked. The central area showed some pytnosis 
•of nuclei of the parenchymal cells ; in the peripheral zone the cytoplasm 
of the cells had become necrotic and nuclei were released. A ring of 
damaged cells thus appeared round each lobule. 

The lining cells of the large bile duct were also affected ; the cells first 
became elongated and the nuclei altered and, ultimately, the whole lining 
was sloughed. 
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Repeated sinalJ doses of ngaio, l|g. to 24 g. per kilogram body-weight, 
did not cause reciognizabl^. changes in the central area. The damage to the 
])eripheral zone was, however, even more accentuated. The damag<‘d 
peripheral cells had become, organized to form what ap|)eared to l)e bile 
capillaries which in milder cases occurred in the portal area and in more 
advanced cases invaded the lobule. There was an increase in stroma to 
supi)ort the bile capillaries. The picture was similar to that of an old- 
standing case of facial eczema. 

Berrieff produced no changes in the liver. 

Wood induced a mild f)roliferation of bile capillaries. 

M. fie r rat n ut 

In the oiit^ (7ise of Tasmanian ngaio poisoning the liver (dianges wore 
similar to tliose caused by re]>eated small doses of New Z(‘aland ngaio. 

Ra'I’ Ex peri m ents 

New Zealainl ngaio was fed to rats, incorj)orated in the stock ration. 
The rates of feeding and effect on growth rate are shown in Table MI. 


Taiu.k 111. --N( 

JAIO IwKAVKS 

FED TO Hats 

F4)H A El\ 

E-WEEK 

Rekk)i> 

ivu’ceiitfjuc 


Wt 

itflit, in Grainx. 


intake of Ngaio. 

Ntjalo in 
Jiatioii. 

NuiiiIkt of 
Rats. I 

! 

initial. 1 

Finai. | 

Gain. 

l‘er it at /Day. 

GramH/ Kilo- 
gram average 
Body- weight. 

() 


101 i 

171 1 

7i) 

,.2 


51 

\1 

1 

104 ' 

150 

52 

2-0 


20 

l.-i 

1 ^ • i 

i:is 1 

202 

i)4 

4-2 


25 

20 • 

S 4 ! 

100 

i:is ! 

32 

3'8 


31 

25 

i ^ 1 

105 1 

84 

21 

4-3 


45 

:{o 

4 1 

121 1 

01 

30* 

5-7 


! 54 


* Three weeks feeding jierloU only. 


The results show that ngaio leaves are mu(’h less toxic to the rat than 
to the sheep when comparison is made on the basis of weight of ngaio 
consumed per kilogram body- weight. In sheep a single dose of 74 g. ngaio 
leaves pej* kilogram body- weight ])roved lethal; in rats, as shown in Table 
III, a daily intake of 30 g. kg. body-weight was maintained for five weeks 
without a lethal effect. The only observable effect was a subnormal rate 
of weight increase. 

Rate of growth of rats fed ngaio was directly affected by rate of ngaio 
intake, and with the higher levels of ngaio intake there was actual loss of 
body-weight. Some deaths occurred in rats fed 25 per cent, and 30 })er cent, 
of ngaio leaves in the ration. 

Post-mortem examinations made on animals which died showed gastro- 
enteritis and changes in the liver ; post-mortem examination of the 
remaining rats at the conclusion of the feeding period revealed changes 
only in the livers. The liver lobules were more defined than normal, the 
demarcation of the lobules being due to increase of interlobular tissue. 
The increase in interlobular tissue was greater the higher the intake of ngaio 
leaves. • 

On histological examination of the livers changes were found similar 
to those in livers of sheep fed repeated small doses of ngaio leaves. 
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Toxic Principle op Ngaio 

Though determination of the nature of the toxic princi})le of ngaio 
leaves was of secondary importance to the main objects of this work, it was 
nevertheless considered of interest to make some observations on this aspect. 
These observations were limited to a study of the toxicity of the essential 
oil of ngaio. Supplies of this oil were made available through the generosity 
of Dr. F. H. McDowall, Dairy Research Institute, Palmerston North, and 
Mr. C. W. K. Brandt, Dominion Laboratory, Wellington. . 

The results of feeding trials with rats and sheep are recorded below. 

Rats 

Single doses of up to O-O g. per kilogram body- weight administered per 
stomach tube were non-toxic. 

Sheep 

Doses of (>()7, 0*1, ()-15, and 0*20 g. oil })er kilogram body- weight were 
administered through the stomach tube, the oil being shaken up with water 
and the suspension washed through with several hundred millilitre of water. 

The lowest dose, 0*07 g. per kilogram body-weight, })roduced no effect . 
No clinical effect was [irodiiced by a single dose of 0-10 g. per kilogram 
body-weight, but bilirubin was found in the blood plasma, the great(\st 
concentration being 1*0 mg. per 1(K) ml. on the day after dosing. 

Higher doses caused anorexia and icterus. Three sheep dosed 0‘15 g. 
per kilogram body- weight all became sluggish and dull and declined food. 
Bilirubin was present in the blood plasma in all cases, the highest value 
recorded l)eing 3*0 mg. per l(X)ml. One sheep died forty-eight hours after 
dosing, and the other two were slaughtered after four days. 

One shoe]) dosed 0*20 g. per 'kilogram body-weight died within fifteen 
hours of dosing. , 

The lethal dose to sheep of the essential oil of ngaio a})p{‘ared‘ to be in 
the region of 0*15 g. to 0*20 g. ])er kilogram l)ody-weight. 

Nothing could be seen on post-mortem examination of the sheep dosed 
0*07 g. per kilogram body- weight, and in the sheep dosed 0*1 g./kg. body- 
weight there was congestion of the liver. Examination of sheep which had 
received higln^r doses revealed generalized icterus, generalized congestion 
of the organs with blood, and inflammation of the abomasum and intestines. 
In one case the abomasum and small intestines were normal, but there was 
hsemorrhage from the mucosa of the whole length of the colon and rectura\ 

Histological Changes 

In all cases material was derived from animals shortly after dosing. 

The spleen, kidneys, and lungs were congested with blood. The liver 
was intensely congested, the congestion being more marked in the portal 
areas and in the peripheral zone of the lobule. 

Discussion 

The clinical symptoms of ngaio poisoning in sbeep observed in the 
present work — m., dejiression, anorexia, icterus, and photosensitivity — 
differ somewhat from those recorded in cattle poisoned by ngaio. Webster(4) 
and A8t6n(l, 2) stress more particularly the evidences of pain and severe 
constipation, while icterus and photosensitivity are not mentioned. In 
post-mortem examinations on cattle Webster(4) noted acute congestion of 
the kidneys, inflammation of the intestine, and htemorrhages from the 
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abomasum, whereas the writers observed the most marked effect to be 
on the liver of the sheep. The intestines and organs other than the liver 
became involved only when higher doses weo' used. The differ(*nces between 
natural cases of poisoning in cattle and the experimental cases in sheep 
are probably due more to dose rate than to diff(‘rent responses of different 
species. Even in sheep the sym{)toms varied with dos(^ rat(> ; a high dose, 
for example, caused death before ictt^rus or photosensitivity developed, and 
with low doses iieith(ir icterus nor photosensitization occurred. 

Australian members of the genus Myoporum are toxic, and Hurst(5) 
has recorded a number of cases of poisoning in sh(*ep .ind cattle l)y M, 
(unmiinatum and M. deserti. Reports by Legg and White(f)) on M. acummaiuw 
and Johnstone and Allen(7) on M. deserti show that the Australian species 
have a lower lethal dose- -i.c., are more toxic— for sheep* than the M. 
Uielum used in the |)resent work ; there is, however, a general similarity 
in the lesions produced by the thrcM* species. Jaundice was recorded by 
Johnstone and Allen as a symptom of poisoning by M. deserti and was 
associated with hamiolysis of re<l blood corjniscles. No Iraemolysis occurred 
in poisoning by New Zealand ngaio, and tlie jaundice appeared to th(‘ 
writers to be due to ol>struction of bile excretion by the congestion of the 
liver. Excretion of f)hyIloervthrin was also jirevented, and when a dose 
of ngaio was fed which caused severe liver damage l)ut yet did not kill the 
sheep the accumulation of phylloerythrin was sufficient to cause acute 
photosensitization. Th(‘ liver cjuickly recovered its capacity to excrete bile, 
and bilirul)in and ))hylloerythrin had usually disappear(»d from the blood 
live to six days after dosing. 

The occurnmce of icterus and photosensitivity as a result of temporary 
dysfunction of the liver is of interest in a general way in respect to 
phot osensi ti vi ty d isea ses. 

The essential oil of ngaio j)oss<‘Ssed toxic [)ro]>erties similar to those of 
ngaio leaves, but ap[)eared to have a more generalized effect on blood-vessels, 
(causing hyperaunia and ('ongestion of organs not affected l)y the lower doses 
of ngaio. It is })robable that a more ra|:)id absorption of the free oil than 
of the oil Imuiid in ngaio leaves would account for its more generalized 
effect. McDowall(8) found from O-Ri per cent, to 0*3() per cent, of oil in 
fresh leaves ; a dose of 0*15 g. oil per kilogram body-weight would therefore 
af)proximate to a dose of 12 g, dried leaves per kilogram body-wtught. This 
is sufficiently close to the doses employed to suggest, along with the general 
similarity .of symptoms,* that the toxic principle of ngaio is the essential oil. 
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THE DETERMINATION OF COPPER IN PASTURES 

AND LIVERS 

hy N. T. Clare, 1. J. Cunningham, and D. D. Perrin, Department of 
Agriculture, Animal Research Station, Wallace ville 

[Beceived for puhlicatioriy oth February, 194o\ 

Summary 

A rapid procedure for the eatimation of copper in pasture and liver samples 
is described. Interference by iron and manganese in the direct dithiocarbamate 
method for determination of copper is shown to be avoidable by maintaining a 
sufficiently high pH in the reaction mixture and by adding the sodium diethyl* 
dithiocarbamate as a dilute alkaline solution containing ammonium citrate. 
Dilute solutions of this reagent keep well at ordinary temperatures if marie 
strongly alkaline. Results of recovery experiments and of ooraparison witii the 
dithizone extraction method are given, and the method is shown to be satis- 
factory for pasture samples which contain high levels of iron and manganese 
as a rcisult of soil contamination. 

In the course of studies on deficiency diseases at this laboratory it has been 
necessary to undertake determinations of copper in a considerable number 
of pastures and livers. These samples had to be obtained throughout New 
Zealand and brought to the laboratory, and problems, mostly associated 
with the avoidance of containination during collection and transport, were 
encountered. Similarly, in the estimation of the copp(‘r, difficulties arose 
in the choice of a method which combined speed, convenience in handling 
many samples, and freedom from interference by other metals. In tliis 
pa|)er is described the procedure for collection, pre}>aration, and analysis 
of pasture and liver samples which meets these requiremcjits. 

Collection and Preparation of Sampljss 

Pastures . — Since the copper content is lower when grasses become mature 
and fibrous, samples were collected when pastures were at the young growing 
stage and about 2 in. to 6 in. high. The usual method was adopted of 
clip}>iiig a number of small areas about 1 ft. square, and these were taken 
by random selection at intervals along a diagonal of the field to be sampled. 
A composite of these clippings formed the smnple from one field. 

In wet seasons care was necessary to avmid soil contamination from hoof-- 
marks, worm casts, <frc., and in dry seasons wind-blown dust sometimes 
caused contamination . 

Difficulty was at first experienced in providing suitable bags for samples. 
Paper bags became moist and w'ere liable to tear during transport, and new 
calico l>ags wen’ found to contain a dressing material which contained 
enough copper to influence results for pasture samples left in the bags for 
some days. Eventually well- washed calico bags were employed with a 
grease-paper-bag lining which was renewed for each time of use. Samples 
could be transported satisfactorily in these bags. 

In the laboratory the samples were dried in a current of warm’ air and 
ground to pass a screen with holes in. diameter in a C. and N. mill 
which had no brass or copper parts. In both the drying and the grinding 
it was important to ensure that no contamination* occurred from the air 
intake. Ground samples were st/ored in acid*‘Wa8hed glass bottles. 
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Livers . — Wherever possible, the whole liver was obtained and forwarded 
to the laboratory in glass bottles without preservative. The liver was 
minced in a galvanized meat-mincer and a repres(»ntative sample taken 
and dried at 100° C. in a hot-air oven with a forced draught. When a flat 
dish was employed to hold the liver, drying was completed in about tw^enty- 
four hours. 

The dried sample was ground to pass a screen with holes in. in 
diameter in a C. and N. junior mill which contained no copper parts. The 
ground sample was collected directly into an acid-w^ashed glass jar. 

When prepared in the manner outlined, pasture and liver samjiles could 
be stored for long periods without deterioration. 

Determination of Copper 

The method of copper determination finally adopted is leased on that of 
Eden and Green(l). In their procedure the sample is digested wdth a 
mixture of sulphuric, })erchloric, and nitric acids, the digest is diluted with 
water and mad(‘ alkaline wdth ammonia in the presence of ammonium 
citrate or jiyrophosphate, and a yellow copner complex is formed by the 
addition of sodium diethvldithiocarbamate. This complex is then extracted 
into iso-amyl alcohol for colorimetric estimation. The purpose of the 
citrate or pyrophosjihate is to prevent interference from iron and manganese. 
However, wdien this technique was applied to our samples it was found 
that a number failed to give reproducif)le results, particularly some which 
w'er(‘ unavoidably contaminated with small amounts of soil. Iron and 
manganese w'ere found to be the elehients causing this interference. 

Copper can be separated from most of the other metals which form 
diethyldithiocarbamate complexes by preliminary extraction as the dithi- 
zonate at about pH 2-3(2, 3, 6), but this lengthy procedure is impracticable 
for our purposes in yiew of the number of estimations required. A study 
of the conditions under which iron and manganese interfere in the direct 
dithiocarbamate method was therefore made, and as a result a routine 
procedure which avoids such interference has been devised. 

It has also been shown that the accuracy of the results is not impaired 
by the presence of a variety of other metals or by material precipitated 
during the analysis. 

Interperenoe nv Ikon 

Both ferrous and ferric ions give wdth sodium diethyldithiocarbamate 
a dark-brown precipitate, partly soluble in iso-amyl alcohol, but frequently 
forming a layer at the alcohol w^ater interface. At the end of the digestion 
of pastures the iron is in the ferric state, and the usual method of preventing 
interference is to suppress the ionization by forming non -ionized salts, ferric 
ammonium citrate or pyrophosphate, in the ])resence of excess ammonium 
ions (Eden and Oreen(l) ). These authors point out, however, that if the 
reagent is added in a way which allows a local excess to develop the iron 
compound will be formed and extracted into the amyl alcohol. They 
recommend the use of 2*0 ml. of 0*5 per cent, aqueous reagent wdth 
continuous shaking of the tube during addition. 

Our own experiments on the maimer of addition of the reagent indicated ^ 
that in samples containing iron consideralfle interference was possible if 
either the 2 per cent, or 0*5 per cent, neutral reagent was added lirithout 
shaking, and some interference even w’^hen samples were shaken. The ' 
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exteiit of the interference in the latter case was found to depend not only 
on the concentration of iron, but also on the pH* of the mixture, becoming 
less as the pH increased. Attempts were then made to decrease the “ local 
excess effect ’’ during addition of the reagent by diluting it, btffore addition, 
with an alkaline solution of ammonium citrate. When the 2 per cent, 
reagent was diluted with an equal volume of 50 per cent, ammonium citrate 
adjusted to pH 8*5, and samples were wshaken during the addition, the iron 
colour in the ainyl alcohol was often scarcely perceptible by eye, yet readings 
in the photoelectric absorptiorneter usually represented several parts |)er 
million of copper. By decreasing the (H)ucentration of reagent to 0*2 per 
cent., diluting with an equal volume of citrate at pH 8*5, and adding the 
reagent with shaking, no trouble was encountered even when 10 ml. of this 
reagent mixture was added. Furthermore, it was quite safe to add 1 ml. 
of this dilute buffered reagent directly without shaking the tube. 

Table I summari;jes experiments in wdiich the diethyldithiocarbanfate 
reagent was added under various conditions of concentration and ]>H to 
solutions containing a high level of iron. The solutions Avere })repared 
by adding ferric ammonium sulphate to water containing 1 ml. concentrated 
H 28 O 4 and 2 ml. 50 per cent, ammonium citrate and neutralizing with 
ammoniuni liydroxide. The colour w'as extracted into 5 ml. iso-amyl 
alcohol and the light absorj)tion determined in the ])hotoelectric absor|)tio- 
meter using the light filter employed in th(‘ determination of coj)per. 


Taulk 1. — Iron Tnterferenck 

(Amount of iron in 25 ml. ~ 10 mg., equivalent to 10, (XK) p.p.m. Fe--- on 1 g. sample of 

pasture) 


(Amount, (’oiiceutralion, Marnier of AfMfOoii, Are,). 


0*5 ml. 2 per cent., neutral, with shaking 

0-5 ml. 2 per cent., neutral, without shaking 
2 ml. 0*5 per cemt., neutral, with shaking 
2 ml. 0-5 per cent., neutral, without shaking 

0-5 ml. 2 j)er cent, plus 0*5 ml. citrate pH 8*5, I 
with shaking i 

0-5 ml. 2 per cent, plus 0*5 ml. citrate pH 8 0, i 
witliout shaking j 

0*5 ml. 0*2 per cent, phis 0*5 ml. citrate pH 8*5, i 
with shaking j 

0*5 ml. 0*2 per cent, plus 0-5 ml. oitrate pH 8*5, | 
without shaking | 

5 ml. 0*2 per cent, plus 5 ml. citrate pH 8*5, with- ; 
out shaking ! 


Colour* in J.so-aniyl Alrohol at pH 



7:>. 

H-ri. 

[hrt. 

\>rv 

45 

30 

25 

high 

+ + + 

-f f H" 

4" 4“ 4-- 

„ 

J., ■ 

25 

15^ 


Very 

20 

4' 


high 

30 

20 

10 

-f -f- 

30 

\ery 

10 

+ -r 

Nil 

high 

Nil 

Nil 

-}- + 

Nil 

Nil 

Nil 

+ 4- 

Nil 

Nil 

Nil 


* The figures represtuit the p.p.m. <*o}»per-equlvalent of the colour produced by tlie Iron. “ Very 
high” and symbols ^ -t to -i- indicate eolours too great to read conveniently In the photoelectric 
absor])tinmeter — equivalent, to more than .oO p.]>.m. Cu. 


V These results illustrate clearly that the interference due to iron is 
governed by the pH of the solution and by the nature of the added mixture 
containing the reagent. By adjusting the solution to a pH above 7*5 and 
by adding a 0-1 per cent, solution of reagent in 25 per cent, ammonium 
citrate at pH 8*5, interference due to iron is completely eliminated even 
when the amount present is much greater than is likely to be met within 
i practice. ^ 
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The photoelectric abs 9 rptiomcter in use is one made in this laboratory « 
and uses a single Weston photronic cell in a circuit of the Evelyn type. 
The al)sorption cell is a 20 mm. cell with plane faces, and the only light 
filter is a 5 per cent, aqueous solution of copper sulphate. Restriction of 
the light to a narrower band of wave-lengths is not practicable with materials 
at present available. The observation that a scarcely \'isible iron colour 
in the iso-ainyl alcohol layer was r(5corded as an a|)j>reciable copper value 
in this absorptiometer suggested that the photocell is particularly sensitive 
to light of wav(‘-lengths absorbed by the iron diethyldithiocarbaniatc' complex. 
As an indication of the error possibhi in visual photometry, the coj)per 
equivalents of some of the solutions referred to in Table I were determined 
with a Zeiss Pulfrich photometer. A solution reading as 10 parts per million 
in the photoeh'ctric instrument gave values of 2-5 parts per million for filter 
847, 1*8 for 850, ami 11*5 for 853. Aj)[)recial>l(‘ error may occur, therefore, 
even when the Pulfrich ])hotomoter is used. 


Interference by Manganese 

Some of the samples which did not give concordant du]>llcate analyses 
a|)peared, from the colour of the digest after making alkaliiu% to (’ontain only 
small amounts of iron. The foreign colour which appeared in the iso-amyl 
alcohol in these cas(‘s differed from th(‘ iron comjdex in that it tended more 
towards a ])ink shade, fadinl ra]>idly, and was discharged by addition oF more 
ammoniuin hydroxide. The samples in which it occurred were often high 
in manganese, and addition of inanganese to lilank preparations showed 
that it })roduced a colour with thes<' characteristics, although not on all 
occasions. Interference by manganese is prevent(‘d (according to Eden and 
tireen(l)) in the same way as for Fe*** ions, by sn(>pressing the ionization 
with citrate in presence of ammonium ions. As with iron, a local excess of 
reagent leads to formation of the extractable coloured complex. Experi- 
ments similar to those reported in Table 1, using manganese sulphate, sho^^■ell 
that the interference due t(^ manganese also is influenced by the pH of tin* 
solution, and that the use of 0*5 ml. <>f 0*2 ])er cent, reagent diluted with an 
equal volume of 50 ])er cent, ammonium citrate will elimhiate such inter- 
ference, provided the pH is over 8*5. Such a procedure is safe with a level 
of manganese (?qui valent to 10, OCX) parts per million in a 1 g. sample of j)asture. 

As tlie result of the foregoing exj)eriments it was decided to use 1 ml. 
of a solution containing 0*1 per cent, of the reagent and 25 per cent, ammonium 
citrate at a pH greater than 8*5 in each determination. This amount of 
reagent is theoretically sufficient to combine with 0*185 ing. copper, and in 
practice has been found to obtain complete recoveries with o\’er 0*150 mg. 
The amount of copper estimated in 1 g. of pasture is usually of the order 
of 0*005 mg. to 0*02 mg., and only rarely exceeds 0*03 mg., so that I ml. 
of 0*1 per cent, sokitiori provides ample reagent. 

Interference of other Metals 

Of the metals which react with diethyldithiocarbamate, the following 
give white precipitates : Cd, Sn**, Pb, Zii, Hg, Ag, Cr. Ajiart from the fact 
that movst of these do not occur in appreciable amounts in pastures and 
livers, any possible interference by introducing turbidity into the amyl 
alcohol phase in the method is eliminated at the filtration stage. Bismuth 
gives a coloured complex soluble in amyl alcohol, but allowance camibe made 
for this by the modification used by Piper(3), as indicated later in this 
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paj)er. Although cobalt and nickoi also form coloured extractible complexes, 
results given by l)ral)kin(r)) indicat/e that 10 parts f)er million of both these 
metals in a sample would not produce significant error. 

Solutions containing some of these metals were tested in our experi- 
ments, and under normal conditions chromium (= 400p,g./g. of sample) 
lead (k),(KX) /Ltg.), silver (1()0,(XX) /xg.), zinc (1,000 /xg.), and mercury (10, (XX) 
/xg.) gave ch»ar, colourless auiyl alcohol filtrates. A solution containing 
20 /xg. of copper gave recoveries of 20 pg. when 10 /xg. of cobalt and 10 pg. 
of nickel wore both present, and when 50 /xg. of eacdi of these were added 
separately. 

Since these amounts all greatly exceed those likely to lie found in biological 
material, it is concluded that these metals will not interfere in the deter- 
mination of copper in such materials. 

Even the interference from bismuth w^as less than anticipated ; 2(X) /tg. 
of bismuth gave a yellow colour with greenish tinge in the aniyl alcohol, 
but this corresponded to only 0*5 /xg. of copper when rearl in our photoelectric 
absorptiometer, and to 3 /xg. on matching with filter 847 of the Pulfrich 
photometer. (Such quantities would be equivalent to 0*5 p.p.in. and 
3*0 p.p.m. ill the analysis of 1 g. of pasture.) 

Recovery of Copper in Presence of Silica and Phosphate Precipitates 

Piper(3) prefers <lithizone for sejiaration of copj)#u, because diethyldi- 
thiocarbamate does not entirely extract this metal from the aqueous phase* 
in the jiresence of silica. According to Beiidix and Grabeustetter(6), some 
coj)per is retained by pr(‘cipitateel phosphates. Recovery experiments made 
early in this investigation indicated that any errors due to non-quantitativ(* 
extraction of copper from pasture^ and liver solutions for either of these 
reasons Avas negligilde. However, the point was further studied in the 
following way : to solutions containing known amounts of copper were 
added calcium chloride (0*2 g.), sodium silicate (Si 02 — 0*1 g.), and sodium 
pho8])hate (NasHPl.)^, 0*3 g.), the mixtures were then boiled down with 
1 ml. of sulpliuric acid and the copper estimated by the usual jiroeess. 
The copj)er content of each aliquot of standard solution was 8*3 / 4 g., and 
WHS not alt(*red by addition of either silica or phosphate alone, but was 
raised to 8*9 /xg. by calcium chloride alone, owing to copper in this reagent, 
in the presence of the calcium, silica, and phosphate together the recovery 
was 8*7 /xg. Similar results have been obtained by uqietition of this experi- 
ment. The amounts of calcium phosjihate and silica preci])itated in these 
trials were always much greater than those seen in pasture solutions ; there- 
fore it is concluded that significant error will not arise through retention of 
copper in these precipitates. 

Stability of the Reagent 

Sodium diethyldithiocarbamate iu neutral aqueous solution (the con- 
dition in which it is generally used(l, 2) ) undergoes decom{)C)sition which is 
hastened by acid. Piper(3) indicates that the solution should’ be kept in 
the dark. To avoid making up fresh reagent frequently, Moir and AndTews(4) 
add it in the solid foniL Imt this procedure is tedious when many analyses 
are undertaken and also may increase the possibility of iron and manganese 
interference through local excess as the reagent dissolves. With the use of 
more dilute reagent solutions such as we suggest, the risk of the amount of 
the di thiocarbamate becoming too small to combine with all the copper is 



345 


1945] Clare, Cunningham, and Perrin. — Determination 
OF Copper in Pastures and Livers 

increased. To test the stability of the reagent under working-conditions 
p-1 per cent, solutions were made up as follows : — 

(i) Gbss-distilled water, pH about 5*5. (Owing to hydrolysis of the 

reagent, this solution rapidly became alkaline, so that solution 
(i) had a higher pH than solution (ii) during the experiment) : 

(ii) Ammonium citrate solution adjusted to pH 7 : 

(iii) Strongly ammoniacal solution (15 ml. of 0-880 ammonium hydroxide 

plus 85 ml. of glass-distilled water). 

« 

These were allowed to stand in clear glass flasks on the laboratory bench 
and in brown bottles kept in the dark and tested at intervals for three weeks, 
the room temperature being usually less than 15"^ C. At the end of this time 
1 ml. portions of all three solutions still recovered 0-025 mg. of copper from 
a solution containing that amount. Aliquots of 0-1 ml. from solutions 
(i) and (iii) also gave full recovery on 0*01 ing. copper, whereas (ii) gave only 
40 per cent, recovery. 

At the end of three w'^eeks the solutions in clear glass flasks were placed 
in midday wdnter sunshine for four hours, the temperature of the solutions 
not exceeding 20® C., without altering the recoveries. However, heating 
at 25-30'^ C. for four hours in a water bath in dull light caused considerable 
decomposition of so!\itions (i) and (ii), but did not measurably affect (iii) 

It was concluded, therefore, that under ordinary laboratory conditions v 
dilute reagent solutions will remain stable for at least three we(*ks if strongly 
alkaline. These experiments suggest, also, that light does not greatly 
influence the decom])Osition ; nevertheless, it is our practice to keep the ^ 
reagent solution in dark bottles. 

Description of Method 

Pu.v/m/c.s’. —A bout 1 g. of dried, finely ground pasture is weighed into an 
8 in. by 1 in. Pyrex test-tube marked at 25 mi., three glass Ix^ads are added, 
and then a mixture of sulphuric and perchloric acids is delivered into the 
tube from a 5 ml. automatic measuring device. This mixture consists of 
1 ml. perchloric acid (60 per cent.), 1 ml. sul}>huric acid, and 3 ml. of copper- 
free water. One ml. of redistilled nitric acid is then added from a teat- 
pipette and the open tube placed on a microdigestion rack ov(>r a small 
flame. The mixture is heated fairly gently until boiling, and then a further 
1 ml. of nitric acid is added slowly. When the initial vigorous frothing 
ceases and the digestion is pro(?eeding more quitely, the burners are turned 
up to the maximum. More nitric acid is added when the digestion begins 
to blacken and give off w^hite fumes, two further 1 ml. additions usually being 
required. After the digest is clear and excess perchloric acid is coming off 
as fine bubbles, a few more drops of nitric acid are often added. In order 
to complete the digestion the boiling is continued another fifteen minutt*s, 
the volume then being about 1 ml. This final stage is necessary to ensure 
thorough destruction of organic matter, which otherwise gives a yellow^ 
colour* upon neutralization. If enough manganese is present, the digest 
may assume the permanganate colour. Digestion is generally complete 
when this colour appears.' 

When sufficiently cool, the tubes are removed and wrashed down with 
10 ml. to 15 ml, of cof>per-free water. Two ml. of 50 per cent, ammonium 
citrate are added, then, after mixing, 5 ml. of ammonium^ hydroxide 
(8,6., 0*880). The pH of the solution* should now be not less than 8*5; 
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5 ml. of ammonia is usually sufficient for this purpose, but if the digestion 
has not been boiled down far enough, or if much ammonia is lost by over- 
heating during neutralization, the required pH may not be reached. One 
drop of 0-2 per cent, phenol phthalein may safely be added to check the pH, 
since this indicator does not give a coloured solution in amyl alcohol. 

After cooling, the mixture is made up to 25 ml., and 5 ml. of iso-amyl 
alcohol (B.P., 128-32^0.), accurately measured, is added. The tube is 
now stoppered with an acid washed rubber bung and shaken ten to twenty 
times. Any yellow colour due to residual organiq matter is extracted into 
the amyl alcohol layer at this stage, in which case the digestion should l>e 
repeated with a fresh aliquot of ])a8ture (but see note 4).* 

If the amyl alcohol is clear, 1 ml. of the diethyidithiocarbamate reagent 
is added and the mixture shaken vigorously fifty to sixty times. When 
the layers separate, the amyl alcohol is removed with a teat pif)ette and 
filtered into a vial through acid- washed pap(*r to remove traces of moisture. 
Finally the absor|)tion of the amyl alcohol is read in the photoelectric 
absorptiometer. 

LiiHirs , — The procedure is essentially the same as for pastures. The 
weight of liver digested varies, however, about 0*5 g. being taken when a 
normal copf)er content is expected, while 1 g. or more is taketi from livers 
of low copper content. It is frequently necessary, with livers of unknown 
copper content, to run a preliminary single determination to obtain an 
indication of the order of the content of cop])er. 

The acid digestion mixture is the same as for pastures, but it is advisable 
to boil livers for a short time with sulphuric acid, })erchlonc acid, and 
w^ater before any nitric acid is added. In this w'ay troublesome frothing 
is avoided. 

The 8 in. by 1 in. Pyrex test-tubes used for liver analysis are mark(Ml 
at 25 ml. and accurately graduated at 50 ml. and 75 ml. 

After completion of digestion, the samples of livers which contain 
30 p.p.m. or less of copper are completed as for pastures. With those 
livers which contain a higher amount of copper it is necessary to dilute 
with copper-free water to 50 ml. or 75 ml. and take an aliquot of this solution 
for the final stage of colour development, 'When an aliquot is taken into 
a fresh tube, concentrated H2'S04 is added so as to bring the content of 
H2SO4 up to 1 ml. The blank solution is treated in the same manner. 
From this point the analysis is completed as for pastures. 

It sometimes happens that the amount of copper in the aliquot is too 
high for reliable measurement in the absorptiometer. . In such cases it 
has been found satisfactory to add a greater volume of amyl alcohol so as to 
dilute the colour ; 1 ml. extra reagent is added for each 5 ml. extra amyl 
alcohol used. Allowance for this dilution by amyl alcohol is, of course, 
made in the final calculation. Where more than ID ml. extra of amyl 
alcohol is necessary, the practice is followed of confirming the figure by 
taking a fresh smaller aliquot or making a fresh digestion. 

In the case of both pastures and livers a dry-matter determination is 
made on a sample taken from the jar at about the same time as the sample 
for digestion. .Allowance for moisture content is. made in calculating the 
result. 

Reagents 

Ammonium Citrate . — It has been necessary to prepare and purify this 
reagent in the laboratory, the procedure being as follows : 435 g. of citric 
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acid is dissolved in glass-distilled water and made just alkaline to broni- 
thymol-blue (external indicator) with 0*880 ammonia. One millilitre of 
2 per cent, sodium diethyldithiocarhamate (in water containing a little 
NH 4 OH) is added and the preparation shaken in a separating funnel with 
iso-amyl alcohol to remove the copper complex. Extraction with the 
alcohol is repeated until the top layer is colourless, then a few drops more 
reagent is added to make sure that all copj)er has been removed. The 
solution is next made acid (pH 5) with 50 percent. and again shakeii 

(twice) W'ith amyl alcohol to take out any reagent which has not combined 
with copper. Removal of excess reagent is necessary to enable the test 
for undigested organic matter to be made. Ammonium hydroxide is added 
to bring the pH to 8*5 and the volume made up to 1 litre. The solution is 
tasted for the presence of both copper and the diethyldithiocarbamate 
reagent before being put into use. 

Sodium 85 ml. copper-fre(‘ water 0*2 g. is 

dissolved and 15 ml. NH^OH is added. This solution is kept in a brown 
bottle, and just before use is diluted with an equal volume of ammonium 
citrate. 


Notes on the Method 

1. All .sarnpk'H art** analysed in duplicate. A blank consisting of the reagents only 
is included in each batch of twelve samples. 

'The same teat pipette is used throughout the series for removing the iso-amyl 
alcohol, those samples witli the least colour in the alcohol being separated first. They 
arc pipetted into th<‘ photomet^er cell in the same order. 

3. 'I'o test for bismuth (which also forms an extraotable yellow complex), the amyl 
alcohol may be returned to the tube after matching, 1 ml. of fresh 10 per cent. KCN 
added, and the tubes shaken. The copper complex is thus destroyed, any residual 
colour indicating the presence of bismuth (]*iper(3) ). This procedure has In^en used 
with over one hundred samples, including all the areas regularly sampled, and no bismuth 
has yet been encountered. 

4. colour due to incomplete digestion also is not discliarged by potassium 
cyanide ; it is often incieased, so that attempts to correct for the incomplete digestion 
colour by measuring the absorption after addition of cyanide are not reliable. (It follows 
that the test for bismuth will be misleading if this colour is present.) Allowance can be 
made for the incomplete digestion colour by removing the amyl alcohol after extracting 
this colour, measuring its intensity of absorption, and then returning the amyl alcohol 
to the extraction tube before adding the diethyldithiocarbamate reagent. For examples 
the following samples can be quoted, the first figure in each set representing a completely 
digested aliquot, the second an aliquot in which allowance had to be made for incomplete 
digestion, and the third the value for this aliquot after correcting for the foreign colour — 
pasture lODS : b l, 7*4, b f) ; pasture 1021 : 4*b, 5 b, 4-b ; pasture 1053: 8-6, 10-0, 1)*3. 
In practice, however, it is desii’able to repeat all digestions which show any trace of colour 
in the amyl alcohol layer before addition of the reagent. 

5. Whatman No. 40 or No. 50 filter papers, 5-5 cm., are used. These are soaked 
in 5 per cent, (v/ v) nitric acid overnight, then in repeated changes of glass-distilled w^ater, 
followed by 10 per cent. Analar ammonium hydroxide, and finally washed with glass 
distilled water. They are dried at 80° C. The papers may safely be rewashed and used 
several times. All glassware is washed with 5 per cent, nitric acid, followed by copper- free 
water. 

The possibility of loss of copper diethyldithiocarbamate by absorption on the filter 
paper was examined- on several occasions by filtering an amyl alcohol extract through 
separate papers and determining the copper content of an aliquot after each filtration. 
No change of concentration has been observed even after tw^elve filtrations. 

6. Homogeneity of samples is ensured by the fineness of grinding — in the mill the 
whole pasture sample passes a screen with holes in. in diameter and the liver sample 
passes a screen with, holes u*:i: in. in diameter. That a 1 g. aliquot |s adequately 
representative of the ground material is demonstrated by the good agreeirient generally 
given by duplicates. For example, in the results for forty-eight consecutive pasture 
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samples the greatest difference between duplicates was 0*8 p.p.m., the mean difference 
0*3 p.p.ra., and the distribution of these differences was ; 0-0*3 p.p.m., 26; 0*4-0*5 p.p.m., 
15 ; 0*6-0*8 p.p.ra., 7. As a further test of the sampling technique, the copper content 
of some pastures has been determined repeatedly, the following results being typical : 
^o. 738, 9 analyses, range 8*0-8*3 p.p.ra., mean 8*1 p.p.m. ; No. 1079, 6 analyses, range 
11*1-11*6 p.p.m., mean 11*3 p.p.m. 

7. Micro digestion racks were made by supporting two 4-in.-wide sheets of asbestos 
6 in. apart by wooden ends. In the top sheet, holes l-J in. diameter and 4 in. apart were 
bored, and in the bottom sheet corresponding holes were in. diameter. The tubes 
slip through the top hole and rest on the bottom hole, and the holes are so disposed that 
the tube is held at an angle of approximately 20® to the vertical. Heat is applied through 
the holes in the bottom sheet. 

8. With this method it is possible for one worker to complete the analysis of twenty- 
four pasture samples in duplicate in eight working-hours. Liver samples take slightly 
longer as a rule, owing to necessity of making dilutions. 

Recovery op Copper added to Pasture 

To test the accuracy of the method, recovery trials were made on pasture 
to which a known amount of copper had been added. Two of the samples 
chosen (El 175 and El 176) were ones which were known to be low in copper 
and to contain much manganese. Results ar(‘. -given in Table II. 


Table II. — Recovery of Added Copper 


No. 

Mg. (M added to 

1 g. Pasture. 

Cu found 
(p.p.m.). 

Ou calculated 
(p.p.n».). 

E1175 

Nil 

2*0 



()*(K)2 

4*3 

4*0 . 


0*004 

6*2 

6*0 


0*(K)6 

8*0 ■ 

8*0 

EllTfi 

Nil 

1*6 



0*002 

3*7 

3*6 


0*(K)4 

5*7 

6*6 


0*(X)8 j 

9*5 

9*6 

PISO 

Nil 

1-6 



1 0*(X)43 i 

5-8 

5*9 


i 0*0086 

10*3 

10*2 

E1449 

1 Nil 

9-3 



1 0*0043 

13*4 

13*6 


I 0*0086 

17*4 

17*9 

£1495 

Nil 

18*4 



0*0043 

23*0 

227 


0*0086 

26*2 . 

27*0 

E801 

Nil : 

3*2 



0*0042 

7*2 

7 U 


0'0084 

11*4 

11*6 

E794 

Nil 

9*7 



0*0042 

14*0 

13*9 


0*0084 

18*0 

18*1 

E787 

Nil 

26*6 

• a 


0*0042 

30*0 

29*8 


0*0084 

33*7 

34*0 


In farther trials the iron and manganese in the samples were greatly 
increased by addition of solutions of ferric ammonium sulphate and manganese 
sulphate to 1 g. aliquots of pastures and the analyses carried through in the 
usual way (Table III). The original pasture samples contained amounts 
of iron ranging from 50-80 p.p.m., and of manganese from I 6 O- 73 OO p.p.m. 
Addition of 1 mg. of these metals to the pasture aliquots increases these 
levels by 1,000 p.p.m. 
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Table III. — Recoveries in Presence or Added Iron and Manganese 


( -U, in p.p.m. 

(Mean of Triplicate Analyses). 


Sam])1e No. . . 

SOI. 

i 1 

i 704. 

787. 

Pasture alone ^ . 

3-2 

1 

I 9-7 

25*9 

Plus 1 mg. Fe 

3*3 

j 9-0 

25'5 

Plus 1 mg. Mn . . 

3-2 

! 9*5 

26*1 

Plus 1 mg. Fe + 1 mg. Mn 

Plus 1 mg. Fe -f 1 mg. Mn + -0042 mg. Cu — 

31 

j 10*0 

25*8 

Found . . 

7-5 

1 13*9 

30*2 

Calc. . . . . . . . . . . . . 

7-4 

1 13*9 

j 

29*9 


Tliesc results show that, under the actual working-conditions described, 
ainounts of iron and iiianganese of the order of 1,(XX) p.]).ni. do not interfere 
or affect the recovery of added copper. 


Comparison with Dithdione Method 
As a final test the method was compared with that rcHunnmended by 
Piper(3) in which a f)reliminary extraction is made with dithizonc. With 
live of these pasture samples the e.stiinations were made in triplicate on 
separate aliquots of each sample : with two pasture samples (882 and 647) 
solutions obtained by digestion of 2 g. portions of each sample were divided 
into two |)ortions, one being treated in the usual way, the other by Piper’s 
procedure ; for the liver samples du])licate 1 g. lots w'ere digested, and the 
digests divided into two [portions, one of which was analysed b}’ each method. 
Any slight differences inherent in the taking of aliquots of th(‘ ground 
material were thus eliminated in the two pastures and in all the livers. 
Results are shown in Table IV. 


Table IV. — Direct Method compared with Piper’s Dithizone Method 


Pastures. 

Livers. 

Sample No. 

Copper, In p.p.m. 

Iron 

(p.p.m.). 

Sample No. 

Cop{)er, ill ii.p.m. 

Iron 

(p.p.m.). 

Direct 

Method. 

Dithleoiie. 

Direct 

Method. 

Dithizone. 

801 

3*2 

3*1 

60 

448 

4*6 

4*9 

370 

794 

9*7 

10*2 

80 

977 

9*9 

9*7 

1,400 

882 

6*2 

6*6 

60 

989 

2*3 

2*6 

660 

647 

7*6 

7*4 

, . 

992 

2*4 

2*4 

1.600 

1065 

10*1 

10*7 


1114 

7*5 

7*6 

1,100 

281 

9*6 

9*6 


1136 

3*6 

3*5 

6,200 

415 

12*3 

12*0 


EB334 

254 

266 



Agreement between the two methods is seen to be very close ; there is 
certainly no evidence that the direct method fails to eliminate any substance 
which by its interfetence might lead to high values. 
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Discussion 

Methods for copper estimation in which the metal is first extracted 
from the test solution with dithizone and then estimated colorimetrically 
as the diethyldithiocar hamate complex have come to be regarded as superior 
to those which employ either of the reagents alone. Preliminary extraction 
with dithizone provides a solution comj)aratively free from other metals 
which form carbamate complexes, while it is claimed{6) that the dithizone 
also extracts the copper more completely from solutions containing precipi- 
tated phosphates. Against such advantages are the time consumed in the' 
dithizone extraction process, the need for exhaustive shakingfO), and the 
necessity of making transfers to several different vessels, whereby the risks 
of loss and of contamination are both increased. Furthermore, the dithi- 
zone extract at pH 3*0 is, according to Piper(3), not entirely free from iron, 
so that precautions to avoid interference by this metal must in an}' case be 
taken at a later stage. Methods such as that of Bendix and GTabenstetter(6), 
which employ dithizone alone, are also lengthy, and in addition the instability 
of the dithizonate colour and its dependence on carefully controlled con- 
ditions introduce uncertainties in the colorimetric estimation. 

The. direct dithiocarbamate method described in this pa])er is rajiid and 
requires only easily manipulated apparatus. The experiments recorded 
here, as well as experience gained in the handling of over two thousand 
pasture samples and eight hundred livers (in eight months), indicate that it 
is not liable to interference from metals likely to be encountered in biological 
material. Likewi.se, losses due to silica or phosphate precipitates were not 
found to occur. The method is sufficiently sensitive and yields results 
which compare favourably with those obtained on the same samples by the 
dithizone extraction method of Piper. Owing to its freedom from inter- 
ference by iron and manganese the method may safely be applied to samples 
^ which, because of weather and pasture conditions at the time of collection 
ar(^ unavoidably contaminated wdth small amounts of soil. 

Exf)erience with the method as applied to materials other than pasture, 
liver, kidney, and spleen has been limited. It has been found, however, that 
copper can be determined quickly and rapidly in organic materials such as 
rubi>er and in mineral substances such as soils. The bases of judgment as 
to accuracy were cojicordant values for duplicate samples and good agree- 
ment wdth results obtained when a preliminary separation by dithizone was 
carried out. 

' It is of interest to record that dry ashing of pastures in silica vessels 
sometimes gave correct values, but frequently gave low' values as judged 
by determinations made on the same samples using the inethod descrii»ed 
in this paper. When pastures were ashed in the presence of magnesium 
nitrate as recommended by Van Niekerk(7), the result was found to agree 
well with figures obtained by the wet ashing process described. Ashing by 
the Van Niekerk method w^as, however, extremely tedious and there w'as 
always the risk of loss of the sample through too violent combustion- - all 
A* dry ashing methods were in fact, found to be very much slow'er than the 
w et ashing procedure. 
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CAPE TULIP 

By A. J. Healy, Botany Division. IMant Resoardi Bureau, Dejmrtnient 
of Scientific and Industrial Research 

{Received for ]mblicatio7i^ ItRh October^ 194l\ 

Summary 

Tlie occurrence of one-leaved cape (Homeria coUina (Thumb.) Vent.), 
a South African species, is noted as an established garden escape in one hicality 
in New Zealand. A description of the ])]ant is gi\(*n, together with life-history. 

The plant is toxic to liva*-stock and human beings overseas, and suspected 
instances of poisoning of stock have occurred at Hamilton Hay. Control is 
by digging u|) .scattered plants, and with larger blocks seveial ajiplications of 
arsenic pentoxide. The use of afforestation is suggest(‘d. 


HiSTORK’AL 

In >Se])tonibor, 1943, a spcciriipn of this jilaiit was siihinitted for identification 
bv Mr. H. C. Hope, Hainilton Ray, French Pass, through the Instructor 
in T^gricTilturo, Blenheim. The specimen was determined as one-leaved cape 
tulip (Homeria collina). The information forwarded at that time indicated 
that several acres were infested with the plant. rJustifiabh' concern as to 
the future of th(^ weed lias been exjiressed by individual farmers and 
farmers’ organizations in that locality. Kecently a visit was made to the 
Hamilton Bay (Fig. 1) locality (3()th August, 1944, to 31st August, 1941) 
to determine the actual area involved, any })articular featun^s of the 
infestation, and possible means of <;ontrol under the }»articular conditions. 

It is (evident that the weed was introduced to the locality as a garden 
])lant, as has lieen the instance in various Australian occurrences. It was 
planted in the garden of an old house at Hamilton Bay, and spread from 
there to adjacent fiasture land. It has spread from the original focus aliout 
the old house to an adjacent ridge and has continued to move outwards, 
i^rior to the present occupier of the property coming in six years ago, ]>igs 
had been run on the block where the tuliy) occurred, and there* was 
a]>])arently a marked increase in spread aft(‘r tliis period. In 1940 the area 
of heaviest infestation was fenced off so that stock could be kept off, since 
the stock had been noteel to scour profu.sely when allowed access to the weed. 

Botanical Charactkrs 

The one-leaved cape tulip belongs to the Iridaceie, a family whose 
members are commonly grown in gardens. The plant belongs to a genus 
of some twenty-five species, endemic in South Africa. It is related to 

several common garden escapes which occur in New Zealand Wat, soma, 

Iris, Antholyza, Sparaxis, and Ixia. 

It has a globose corrii bulb ”), f in. to I in. in diameter, covered by 
thick, dark-brown, latticed sheaths.’ A single, ribbed, linear leaf 1 ft. to 
2 ft. long and J in. to | in. wide is produced from the corm, and in August 
a single stem, shorter than the leaf, is produced (Fig. 2). Two to four 
clusters of flowers enclosed in spathes are borne on each stem. The flowers 
are 1 J in. to 2 in. in diameter, the petals varying in colour from orange- 
scarlet to salmon-pink, with the basal parts yellow. The seed capsule is 
narrow cylindric, mote than 1 in. long. 
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Life-history 

Investigational work on this aspect has been carried out, and the following 
account is taken from Clarke (1939). A longitudinal section through the 
base of a flowering plant shows that the lateral corrns arise singly in the axils 
of the corm scales. Of the two axillary corms shown at the base of the plant 
(Fig. 2), the larger one will grow, during the next season, into a flowering 
])lant similar to the one figured, whereas the smaller one produces an 
individual which will not flower until the following year. 



Fig. 1. 


Propagation' AND Means of Dispersal 

Tlie plant spreads by means of seeds, which are light, and according to 
Clarke (1939) are carried by the wind. Observations in the field at Hamilton 
Bay show the plant to occur along sheep-tracks, often a Considerable distance 
from the main patches, and indicate that seeds are carried by stock, either 
in mud in the hooves and/or in the fleeces. The thickening-up of an 
existing stand of the weed comes about by the underground corm develop- 
ment and, according to my observations, by seed also, since amongst the 
large plants there were large numbers of seedlings, some with the seed still 
attached. The grazing of pigs, as mentioned earlier, would tend to spread 
the underground corms by tlie rooting, and not only thicken up the 
pre-existing stand, but assist in spread to adjacent land. 

The manner in which the Hamilton Bay infestation has formed a dense 
association with the virt-ual exclusion of other pasture species in the 
thickest patches, and the extent of its spread to points remote from the dense 
blocks, indicate that there is a definite necessity for eradication of the plant 
to be attempted, otherwise it will spread more and more into at present 
non-infested country. 
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[Redrmcn from figure, in the Journal of Agriculture of 


Fig. 2. — One*leaved cajic tulip {Uomeria collina, Vont., var. auranfiara (sweet) 

J, G. Baker). 

A : Hitiult* plant In flower ahowlfift conn (x i). B: Portion of younK flowering stem, showing 
flower l>uci emerging from spathe valves (natural aize). (’ : Older branching stem, ahOMlng open floM^er 
and developing fniitH (nattural siz<i). 1) : Flower with perianth removed to show arrangement of stainena 
and pistil ( X 3). E : Style and its branches ( x 4). 1?; : Single-style branch viewed from the side in the 
fully e.\panded and turgid condition, showing the stigma and relationship to the neighbouring anther 
( X 10). (r : Base of plant in longitudinal section, showing developing conns (n.c.) and lenmins of old 
conn (O.C.), (natural size). 
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Distribution 

At present the occurrence at Hamilton Bay, French Pass, is the only 
locality in New Zealand where the plant is known (see Fig. 1). The area 
involved is some 35 acres, of which 3 acres to 4 acres have a dense association 
of Homeria, with scattered plants and small patches over approximately 
30 acres. 

Toxicity of One-leaved Cape Tulip 

The poisonous nature of the plant is recorded by botl^ South African 
and Australian workers, and all stress the menacing character of the species. 
Australian workers (Clarke, 1939 ; Meadley, 1943 ; Came, Gardner, and 
Bennetts, 1926) mention that stock accustomed to grazing on areas infested 
with cape tulip are infrequently affected, probably because they avoid 
grazing the plant, or, as one worker suggests, they attain some degree of 
imniunity from the toxicity, wliereas most serious mortality occurs amongst 
stock that are brought into infested country from non-inf(^sted localities 
(Department of Agriculture, New South Wales, 1935). 

Steyn (1934) states that the corm contains a glucoside which has a 
similar action to that of digitalis on the heart, raises the blood -pressure, 
and constricts the blood-vessels. Poisoning of Natives in South Africa is 
described, and a number of cases of stock poisoning are cited — it is known 
as “ tulp poisoning ” there, the name apparently being a corruption of 
tulip. Steyn fed 22() grammes of fresh conns and leaves of plants at 
flowering stage to a mature sheep, and death occurred about thirty hours 
after administration. 

Hurst (1942) notes that the flower heads, kmves, and corms are toxic, 
and records instances where the plant was toxic to cattle. 

Came, Gardner, and Bennetts (1926) re(;ord the death of seven cattle 
beasts on one property due to eating Ibhe wecul. 

The symptoms are described by Clarke (1939) as partly those of an 
acute gastro-intestinal irritant, and partly those of a cerebral depressant or 
narcotic. Examples of the first are abdominal pain, diarrheea, and, with 
ingestion of much green leafy material, distension of the stomach with gas. 
the symptoms increasing in severity and resulting in colic, frciquent scouring, 
great weakness, and prostration. The nervous symptoms are indicated by 
dullness and depression. Death may occur rapidly, within twelve hours 
or less, of ingestion, or the animals may linger for several days. Came, 
Gardner, and Bennetts (1926) describe lesions of intense gastro-enteritis and 
cardiac haemorrhages revealed by post-mortem exaipination of a bull poisoned 
by cape tulip. 

At the Hamilton Bay occurreneV^ actual deaths due to poisoning are 
not certain, although several deaths probably due to this cause have 
happened. Severe scouring of sheep from other parts of the property when 
pastured on the cape-tnlip-infested block has been noted. 

These data indicate that all portions of the plant are toxic to stock — 
both cattle and sheep — and to human beings, and that the presence of the 
plant constitutes a menace to the pastoral industry. 

Possible Uses of Cape Tulip 

The leaves contain fibre suitable for reinforcing plaster-board, and there 
have been attempts to utilize this material, due to the shortage of sisal. 
Gathering and retting are, as yet, in the experimental stage in Australia 
(Meadley, 1943). 
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Control and Eradication 

(a) Experience in Australia , — CaKhriiore (1938), working with pot cultures, 
found that underground reserves were at their lowest lev^el and leaf- 
j)roduction at a maximum at flowering time, and suggested that weed-killers 
and cultivation should be applied at that time — i.e., at flowering. He 
suggested that raising the fertility of the soil, with introduction of suitable 
]>a8ture plants, was worth considering as a phase of the problem of control 
of cape tulip. 

Davies (1942) reportt'd that the Council of Scientific and Industrial 
Research after six years of t(*8tvS with chemical weedicides obtained no 
satisfactory results with either cap(‘ tulip or other perennial weeds. 

The De|)artment of Agriculture, New South Wales (1935), suggested 
several methods of control : — 

(i) With scattered plants or small ])atches, hoe out and burn the 
conns ; 

(li) Use of kikuyu grass for smothering the weed : 

(iii) Use of arsenic [)entoxide (As^, 05 ) at rate of li 11). to 1 gallon 
water : spraying required to be* rey)eated three* or four times — 
the o])erations to be carried out about flowering time, and 
stock to be kept off s])rayed area to avoid toxic (^fleets of 
arsenic compounds. 

Clarke (1939) noted that with small [)at(;hes very heavy apf)lica.tions 
of highly concentrated weed-killers gave some results. He suggested at 
least one a[)plication of spray (exact type not stated) should be made early 
in the growing season, soon after the plants have appean^d above ground,, 
and he also suggested digging out and burning of small infestations. 

For arable land, cultivation is recorded as a means of reducing vigour 
and intensity of the weed, re|)eated cultivations being required before placing 
under crop. It is to be stressed that this method gives no degree of 
permanent eradication, but only a measure of control. 

Meadley (1943) pointed out that any control measures applied against 
cape tulip must l)e designed not only to prevent seed-formation, but also 
to forestall the development of new conns. He found that these begin to 
develop about August, which observation is suf)j)orted by Cashmore (1938), 
who found new conn-formation during August and early September. Since 
full flowering does not occur until mid-September and seeds are not mature 
until a month later, the time of corm-forination, rather than that of seed, 
influeiu*es the initiation of control measures. He states that the only 
satisfactory means of control are grubbing and cultivation, the latter being 
associated with a crof)ping programme. Unh‘ss the plants are grubbed at 
the beginning of August or earlier, there is every chance that new^-season 
conns will have been formed and remain in the soil when the plant pro])er 
is removed. When the flowering stage is reached the basal conn-development 
is well advanced, and grubbing at this stage often serves to distribute the 
weed rather than reduce the infestation. 

Repeated mowing to prevent flow^ering will arrest the spread, although 
there is no experimental* evidence to show whether the density of the 
infestation is reduced by the operation. Chipjung with a hoe will ])revent 
seed-formation, but this, of course, is only a temporary expedient, rather 
than a means of eradication. Spectacular results cannot be expected, 
and any scheme necessitates carrying out systematic measuies for a number 
of years.*’ 
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(6) Worlc at Hamilton Bay . — Control work to the present has consisted 
of grubbing out isolated plants on the outskirts of the main infested block, 
and a series of trials with sodium chlorate have been laid down by Mr. 6. 
Shand, Inspector of Stock at Blenheim. 

Future of the Weed at Hamilton Bay 

The infestation of one-leaved cape tulip at Hamilton Bay is viewed as 
a serious one, due to the poisonous nature of the plant, and action should be 
taken towards control, and ultimate eradication, of the plant. At present 
it is confined to one property in one locality in this country, and now is 
the opportune time to prevent further spread. Any further spread of such 
a poisonous plant constitutes a menace to our pastoral industry, and it 
must be pointed out that the plant prefers hill country rather than the 
flats, the specific name, “ co/Ima,” being illustrative of the feature. This 
means that country where the greatest eradication problems exist is the 
type of country preferred by this weed. 

For isolated plants, grubbing is recommended, and for thick patches 
of large extent, afforestation appears to be the only reliable method for 
control. 
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SOIL DISINFECTION 

II. PRELIMINARY REPORT ON CONTROL OF DAMPING-OFF 

J3y H. Jacks, Plant Pathologist, Plant Diseases Division, Plant Research 
Bureau, Department of Scientific and Industrial Research 

[Uecehed for puhticatiori 13th November, 1944] 

Summary 

(1) Soil artificially infeckMl with pythiuiii causing daniping-off of tomato 
seedlings, was treated with chloropicrin, formalin, 1)1), and steam. 

(2) Chloropicrin and 1)1) were applied in two different ways — (a) injected 
directly into seed-boxes, and (h) injected into soil held in a closed container. 

(.1) Chloropicrin, formalin, and steam gave complete control of damping- 
off; the former two caused improved plant-growth; 1)1) gave trontradictory 
I’fvsulta and is under further investigation. 

Introduction 

The control of damping'off (Pythhm ullimum Trow.) in Now Zealand was 
investigated by Brion and Chamberlain (1936). They concluded that of the 
chemical treatments tested, formaldehyde solution gave the most effective 
results. For practical purposes, however, it is desirable that any treatment 
should also be effective in the control of parasitic soil nematodes. In an 
earlier report, Jacks (1944), certain chemicals were recorded as showing 
promise in the control of eelworm, and in the present paper further trials 
with these materials in control of damping-off fungi of tomato seedlings are 
reported. 

Experimental Methods 

Soil of standard glasshouse mixture, steam sterilized and unsterilized, 
was inoculated by thoroughly mixing cultures of P. ulHrmm with the soil. 
Mter seven to ten days the soil was treated with the test materials, transferred 
to boxes (18 ill. by 12 in. by 3 in.), and fourteen days later planted with 
five hundred tomato-seeds -per box. Treatments were carried out either in 
triplicate or in quadruplicate, and records were taken four to five weeks later 
of total emergence, post-emergence infection, growth, height, and weight of 
plants. The number of seedlings in steam-sterilized soil was taken as a 
standard, and germination in other treatments was corrected to this standard. 

Formalin (40 per cent, solution of formaldehyde) at a dilution of 1-80 
was applied at the rate of half a gallon per box — ?'.e., 28*5 ml. formalin in 
2372 ml. water. 

Chloropicrin and DD (dichloropropane-dichloropropylene) were applied 
by two methods. In experiments 1 and 3 the soil was held in se^aled con- 
tainers for forty-eight hours after the chemicals were injected into the soil 
at half its depth. In experiment 2 the soil was held in wooden boxes, the 
chemicals injected and after watering the surface with.l pint of water per 
box, they were covered with wet sacks. The soil was dug ov%r twice before 
sowing. 
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Results 

The results of experiments are given in Table I* 

Table I. — Results of Chemical Treatments of Soil infected with I)ampino-ofp 
^ • Funous 


Troatiuent. 


Amouut 
applied for 
0-3 Cubic 
Foot of Soil. 

Mean 

Numl)er of 
eUiuts per 
Box. 

Mean 

Percentage 

Germifiatloii* 

Mean 

Percentage 
Infection of 
Emerged 
Plants. 


AveraRe 
Weight of 
One Hundred 
Plants, in 
Grams. 


Average 
Height of 
Plants, in 
Inches. 


Expe.riimnt / — 
Formalin (1-80) 
Steam sterilized 
Chloropicrin 
Chlorppicrin 
Check 


0-5 gal. 

2 ml. 

4 ml. 


Skam-slerili zed Soil 


480 0 
484 0 
480-7 
488-0 
815-7 


l(K)-0 

100-0 

90-3 

99-7 

51-3 


0-0 
0-0 
0-0 
0-0 
40- 0 


Experinmit 2 — 
Formalin (1-80) 
Sttiam sterilized 
Chloropicrin . . 
J)l) . . 

Steam sterilized 
after inocula- 
tion 
Check 


Experiment 3 — 
Formalin (1-80) 
Steam sterilized 
Chloropicrin . . 
I)D . . 

Check 


Steam-steHlized Soil 


! 


0 • 5 gal. 

461-8 

98-8 

0-00 

28-0 

8-18 

469-3 

1(K)0 

0-00 

17-2 

2-44 

■2 mi. 

467-5 

99-7 

0 01 

18-0 

8-21 

2 ml. 

242-8 

51-8 

65-90 

19-7 

2- 46 


485-3 

104-0 

0-00 

14-8 

2-80 


154-6 

.{3-2 

57 00 

16-8 

1-95 


U nsterilized Soil 




0-5 gal. 

472-5 

113-0 

0-00 

1 

44-8 

8-97 

417-5 

.100-0 

0-00 

81-5 

8-43 

2 ml. 

482-0 

111-0 

0-00 

48-4 

4-38 

2 ml. 

421-8 

101-0 

0-01 

45-8 

4-62 


189-0 

45-0 

75-80 

87-5 

2-36 


♦ Percentage germluatioii is based on steam treatment taken as 100 i»er fent. 


All treatments gave effective control of dampiug-off with the exception 
of DD used directly into soil in boxes (experiment 2). Chloropicrin and 
formalin gave improved jilant-growth as compared with checks. DD in 
experiment 2 appeared to retard growth, whereas in experiment 3 it led to 
increased plant vigour. The growth response in steam -disinfected soil was 
variable and was probably due to the difficulty of treating accurately small 
quantities of soil. The drenching of soil with solutions of formalin altered 
the physical structure of the soil and necessitated frequent tilling, whereas 
the injection of volatile chemicals did not alter the tilth of the soil. 


Conclusion 

The results here recorded show that chloropicrin and DD are effective in 
control of damping-ofl*. Since earlier reports indicate their value in control 
of eelworm it appears probable that these materials will serve the dual 
purpose of controlling soil fungi and nematodes. 


References 

Bkikn, R. M., and Chamberlain, E. E. (1988) : Tomato Seedling Damping-off. N.Z, 
J. Agr,, 32, No. 5, 

Jacks, H. (1944): SoiC disinfection : I. Preliminary Report on Control of Eelworm, 
N,Z. J. ScL dr Tech., 26 {Sect. A), 188. 



1945 ] 


Rkit). — Bactertal-spot op Pl0m anp Peach 


359 


BACTERIAL-SPOT OF PLUM AND PEACH 

By W. D. RteiD, Senior Bacteriologist, Plant Diseases Division, Department 
of Scientific and Industrial Research 

[Rf^ceived for jmhlicafion, loth Jmiuaryf 194t5] 


Summary 

Bacturial-spot of plum and peach cauHctl by Xanthomonafis pruni (Smith) 
Dowson iH prevalent in New Zealand on Japanese plum varieties. The incidence 
of the disease and morphology aild physiological reactions of the causal 
organism are given. Symptoms of infection consist of leaf-spotting, similar 
to shot-hole caused by PhylloftlicUi prunicohi, small dark-brown circular lesions 
on fruits, and raised rough elliptical h‘sions on twigs and branches. Largt^ 
cankers arci formed on branches, and, where present, check the growth of trees. - 
Experiments on control measures have included spraying with Bordeaux, 
lime-zinc sidphate, and lime sulphur, and top-dressing soil w ith nitrate of soda. 
Though spray damages resulted from applications of the two former mixtures, 
Bordeaux (lJ-3~50) decreased infection from 27*85 per cent, to 7*8 per cent, 
without serious damage to foliage. Zinc sulphate gave a significant decrease in 
infection from 27*85 per cent, to 22*37 per cent., but, because of accompanying 
foliagf* damage, is of doubtful A'alue for control of bacterial- spot. 

In ♦lanuary, 1929, plum fruits infoctud with Xanthomonas pruni (Smith) 
Dowson were received from Hamilton district, hut it was not until the 
year 1941 that the disease was found to be widesi)r(*ad in New Zealand. 
This diseasi* was first reported by E. F. Smith in 1903 from the United States 
of America, and since has been recorded from (Janada, Brazil, Australia, 
and Japan. 

Incidence 

lidected fruit and twigs have been received from Auckland, Hawke’s 
Bay, Nelson, diristchurch, and Otago fruitgrowing areas. Specimens have 
included the plum varieties .Alpha, Billington, Burbank, Delaware, Doris, 
George Wilson, Masterpiece, October Purple,' Patterson’s Late, Scarlet 
JJelicious, Shropshire Damson, Sultan, and Victoria, and the peach varieties* 
Al, Alton, Aunt Becky, Edward VII, Elberta, Franklin, Ideal, Kalamazoo, 
Le Mainqueur, Paragon, Rosebud, Rowe’s Chanqiion, Shanghai Slip, and 
Watton. The disease causes cankers on branches and twigs and lesions 
on leaves and fruits. Young trees are seriously affected in that early infection 
produces extensive canker formation on branches and stunting of the trees. 
Late infection in old trees does not affect branches or main laterals, but, 
as in young trees, causes cankers on twigs and numerous lesions on leaves 
and fruits. Spread within a block of trees largely depends on proximity 
to a source of infection, and chance of transference in picking and pruning. 
It is not uncommon to find blocks of disease-free trees adjacent to blocks 
of diseased trees but separated by three or four rows of apple or pear trees. 
In most infected orchards the disease can be traced to recent replacements 
with young diseased trees. George Wilson, October Purple, and Sultan 
varieties appear to be the most seriously affected, but at present not sufficient 
is known to indicate the relative susceptibility of orchard varieties. In a 
preliminary inoculation trial of forty varieties, of plum, all of which proved 
susceptible, the English varieties were highly resistant. 

* The peach specimens were collected from a small area of closb-planted trees in 
Auckland, but peach infection has not been recorded from commercial orchards or 
nurseries. 
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In the United States of America the disease is restricted to the genus 
Prunus and is known to infect Japanese plum, peach, apricot, nectarine, 
mazzard, Chinese bush cherry, Japanese apricot, almond, and Chinese wild 
peach. At present it is known only on plum and peach in New Zealand, 
and whereas it is apparently a serious disease on peach in United, States 
of America it is on plum that the trouble is serious in this country. 

Symptoms 

Infection occurs on all green parts, including leaves, stems, buds, and 
fruits. 

On leaves bacterial-spot of plums is readily confused with shot-hole 
{Phyllosticla prvnicola), but can be distinguished by the presence in the 
former of an oily sheen, particularly on the under-leaf surface. Usually 
hactenal-s])ot lesions are smaller and often coalesce to form (’on tin nous 
^reas of infection, covering as much as a third of the leaf surface. Tiike 
shot-hole caused l)y Phyllosticta prunicolay the bacterial -spot lesions break 
away from the inner edge of the raised margin and produce numerous l(^af 
perforations. Leaf lesions first appear in early November and attain an 
average of five to six per leaf in late December. Sixty lesions on a single 
leaf is not uncommon, but defoliation does not appear to be marked. On 
peach the leaf lesions are similar in appearance to those on plum, though 
they have less tendency to break away from surrounding tissue (Fig. 1). 

On stems, twigs, and buds areas of infection differ in appearance with 
age of the lesion. The first symptom on spring growth occurs as a small 
oily or water-soaked spot. After three weeks the lesion becomes l>rown 
to black, oval in outline, and up to half an inch in length. At first the 
infected surface is smooth, but with increasing age tlu^ periphery becomes 
raised and rough. After three months the outer zones of a h^sion are one 
to three millimetres above the normal level and are traversed l>y many 
deep longitudinal crevices from which gum (‘xudation often takes place. 
Where a number of lesions occur together the shoot is much distorted 
(Fig. 2). Internally the infected wood is dark brown and extends from 
1 mm. to 5 mm. beyond the. limit of the superficial lesion. The bark of older 
branches becomes deeply fissured for many inches in length and tends to 
lift from the underlying wood. Branches die or become so affected that 
tree vigour is seriously impaired. 

Lesions on fruits first appear towards the end of November, when fruit 
is half-grown and green. They are small, 1 mm. to 3 mm. in diameter, 
circular, water-soaked spots with dark-brown pin-head centres. Within a 
few days lesions darken and finally become dark brown or black. The 
colour is even, with a narrow light-brown periphery sharply delimited from 
the green of the fruit. When small, lesions are flat and smooth, t)ut with 
increasing size up to 12 mm. diameter they become depressed with an 
abruptly raised border. The surface usually remains smooth, but may 
be covered by a thin, gr^ film of dried ooze. Cracking across lesions is 
common in ripened fruit (Figs. 3 and 4). On peach fruits, lesions are small, 
3 mm. to 6 mm. across, brown in colour, and raised as irregular pustules 
in contrast with the large smooth depressed lesions on plum. 

Isolation of Causal Organism 

The causal organism is readily grown on laboratory media when isolated 
from young lesions on leaves, shoots, and fruits. Isolation is difficult from 
partly broken shot-hole of leaves, from shoots more than one year old, 
iiid from large lesions on mature fruit. 
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To test pathogenicity, many single-colony isolations from different types 
of lesions were used for needle inoculation of plum and cherry plants grown 
in a glasshouse. Lesions were formed in six days, and, though subsequent 
development was slow, symptoms were typical of natural infections. 
Identification of the organism was made by the morphological and 
physiological reactions suggested by the Society of American Bacteriologists. 

Morphology 

The organism exists as short rods with rounded ends, singly and pairs, 
04“ 1 ‘8 fJL by 0*34)45 /x, with an average of 1*0 /x by 0*4 /x for single 
rods, 0*8-3*6 /x by ()*JJ“0*45 /x for pairs, and 7*0-20*0 /x for chains. It 
is motile with one to three polar flagella (Fisher and Conn, 1942), and is 
gram negative. Capsules are present. 

Cultural Characteristics 

Culturos, except those on gelatine, were held at 27" C. Be.ef-peptone-aijar colonies : 
Growth moderate, colonies in two days punctiforin, smooth, entire, convex, translucent, 
viscid. Ihe-f-peptme-agar slant : Growth moderate, convex in three days, raised in 
six days, smooth, shining, entire, yellow, dry, no odour. Potato slicf> : 3 mm. width 
in three days, filiform, convex, smooth, duil, entire, cadmium yellow, potato grey : 
in 12 days 3-4 mm,, tan, potato dark brown at top. Nutrient-gelatine, plate : C^admium 
yellow growth with immediate liquefaction. Nutrient-gelatine .stab : Growth rapid on 
surface, 3 mm. depression in two days, crateriforra li(juefaction in three days : 
stratiform, 15 mm, deep, in 12 days, yellow to orange sediment. Plain-gelatine : As 
for nutrient-g€*latine, but less active. Nutrient-broth: Faint clouding in two' (layf. 
white ring in thix^e days, coarse pellicle, grey viscid sediment in six days, no odour. 
Litmus milk : No change in three days : in six days fi mm. clear whey, remainder 
yellow-pink ; in nine days 6 mm. whey, remainder yellow-orange, granular sediment, 
not viscid, no coagulation; in 12 days peptonized, ochre yellow base. se<liment viscid. 
Nitrites not formed, but ammonia formed. Hydrogen sulphide : Slight production in 
seven days using sodium thiosulphate medium and lead acetate strip test. Starch : 
Doubtful hydrolysis. Indole not producsd using Gore test with tryptophane. V.P. 
test : Positive. M.B. test : Positive. Carbohydrate Media : No gas formed ; in 
ammonium phosphate medium slight acid produced in four days in arabinose, glneose, 
fructose and sucrose ; no change or slight alkalinity in galacto.se, maltose, raftinose, 
starch, dextrin, glycerol, salioiri, mannitol, lactose, inulin. P.PA. plus carbohydrates: 
Slight acid in six days in all above except maltose, raffinose, mannitol and slight 
alkalinity in arabinose, with change to slight alkalinity in all except glycerol in 
twenty -one days. 

Morphologically it is similar in size, presence of capsule, and flagella 
to previous descriptions of B. pruni. Dunegan (1932) reported only one 
polar flagellum, which is contrary to results of E. F. Smith and F. M. Rolfs, 
who found from one to several. The organism is difficult to stain, but a 
number of rods with three polar flagella have been pbserved. A small 
amount of hydrogen sulphide is. formed which is not in agreement with 
result of Duiiegan, but the basal medium was not the same, and Dunegaii 
restricted the test to eighteen hours. Bergey stated that B, pruni 
precipitates casein, but this is a misquotation of Dunegaii; The reaction 
in beef- peptone-agar plus carbohydrates is similar to that of Dunegan, but 
in ammonium phosphate medium Dunegan observed acid production in all 
carbohydrates tested. 

The above differences are slight or could; be caused by variations in 
technique, and are not sufficiently marked to suggest that the New Zealand 
organism is other than B. pruni. Recently Dowson (1939). reclassified 
Bacterium pruni Smith as Xanthomonas prufii (Smith) Dowson. 

Control Measures 

The presence of lesions on fruits causes extensive losses of marketable 
fruit. Experiments have been carried out to determine some method of 
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reducing this annual loss. Treatment of jjlum-trees for control of disease 
is unusual in New Zealand, and there is no evidence, based on practical 
experience, to suggest a control method. In North America the use of 
sprays and the use of nitrogenous fertilizers have been recommendcjd. 
According to Manns and Adams (1^34 ; 1935), zinosulphate spray appreciably 
reduces fruit infection, though Kadow and Anderson (1935) and Hurt (1937) 
obtained poor results with this spray material. Poole (1940) ap[)li(Ml periodical 
soil dressings of nitrate of soda and stated that tr(‘es “ w'ere slightly infected 
only.’^ Apparently neither method in America gives a complete control, 
but, in view of the serious loss in New Zealand, experinKuits were carried 
out to determine the value of these treatments. 

In June, 1942, a block of thirty-seven George Wilson and sixty Doris 
plum-trees se\'en to eight y(!ars old was selected for treatment. The G<‘.orge 
Wilson trees >vere small, rarely more than 7 ft. in height, and severely 
cankered on main branches and twigs. The Doris tr(‘es 'were between 11 ft. 
and 17 ft. in Insight and infected only on the smallt*r branches and the twigs. 
The block consisted of alternate pairs of rows of the two varieties, and (ught 
re.|)lications of treatments and four of untreated trees were arranged in 
random form. Each plot included both varieties. 

For the 1942 43 season the treatments w<^re as follows: — 

(1) Winter pruning to remove infected twigs. 

(2) Spratj Treatments, -(a) Bordeaux 4 4 -50 (4 lb. copper sulphate, 

4 lb. hydrated lime, 50 gallons water) a[)plied to the majority 
of trees in the dormant f)eriod. (h) Bordeaux 4 4 -50, followed 
by four applications of lime 4-50 (4 Ib. hydrated lime to 50 
gallons water), zinc sulphati^-lime 4-4-50 (4 lb. zinc sulphate, 
4 lb. hydrated lime, and 50 gallons of water), or lime-sulphur 
1-120 (1 gallon lime-sulphur of 15 j)er cent, polysulphide 
content to 120 gallons water), (c) Non-sprayed check tUM^s. 
The three last a})plications included 4 oz. of a wetting agent, 
Agral 2, in each 100 gallons of spray. 

In vie.w of the a[)parent improvement in above experiment 'with Bordeaux 
and the reported value of soil drevssings with nitrate of soda the 1943 44 
experiments were modified to include these treatments. The lime spray 
was replaced by nitrate of soda, and trees ])reviously us(h 1 for the dormant 
spray of Bordeaux were treated with the full number of Bordeaux applications. 
The treatments therefore were as follows : (a) Bordeaux, 3-4-50 for first 
two sprays and 1 J-3-50 for subsequent applications ; (h) zinc sulphate-lime, 
2J-4-50; (c) lime-sulphur, 1-120; (d) nitrate of soda, 1 lb. for each Doris 
tree and ^ lb. for each George Wilson tree applied under trees in eight 
dressings at ten-day intervals commencing 2nd July, 1943; (e) untreated 
check trees. 

Trees other than check trees were sprayed with Bordeaux 3 4-50 during 
dormancy on 2nd July, 1943. The additional treatments were applied 
on 2nd August, 14th September, 15th October, 3rd and 19th November, 
6th and 22nd December, 1943. A wetting agent, Agral 2, at 4 oz. to 
100 gallons was included in all Bordeaux applications exc(q)t the first bn 
2nd August, 1943. 

In the winter pruning all George Wilson trees and half the Doris trees 
were severely pruned by cutting out infected twigs or small branches 
(Fig. 5), trees being reduced to a framework of main branches. The 
remainder of the Doris trees were lightly pruned by removing diseased 
twigs of the previous season’s growth. 



364 


The N.Z. Journal op Science and Technology [April 

As a guide for future experiments counts were made of lesions on leaves^ 
fruits, and new twig growth. Approximately forty leaves from two zones 
between ground and 7 ft. high were selected at random from each tree, 
and all lesions recorded. Two counts of leaves, three of fruit and three of 
twigs, were made during each season. 

Results 

Inddeyice of Disease . — The development of lesions during 1942-43 season 
is shown in Table I. 


Table I. — OccrRRENCK of Bacterial-spot on Doris Plum-trees durino 1942-4*1 

Season 


Date recorded. 

29/9/42. 

1 9/1.1/42. 

30/11/42. 

2;V12/4«. 

25/2/43. 

23/6/43. 

Leaves 

First in- 
fection 






Lesions on forty 
leaves 



.32-6 

163 



Fruits 


First in- 
fection 





Percentage in- 
fected 



11 

1 

2«4 

36-5 

1 

Shoots 


First in- 
fection 





Percentage in- 
fected 



51 

25 0 

1 i 


79 S 


During the 1943-44 season the occurrence of lesions corresponded closely 
with that of the previous season. Leaf, twig, and fruit infections were fir^t 
observed on 7th October, 19th November, and 3rd December respectively. 
By 22nd December fruit infection was general, with an average of 11*6 per 
cent, of fruit infected. Evidently development was later than in the previous 
season, and th(? final amount of fruit infection as shown in Table III was less. 

Eflerts of Treatments . — In Table II are given the effects of treatments 
in the 1942-43 season on infection of leaves, fruit, and shoots of Doris and 
George Wilson trees. 


Table II. — Effects of vSpray Materials on Infection by Bacterial-spot of Plitms 


• 

Leaves : 

Losious on Forty 
Leaves. 

Fruits : 

Percentage Infected. 

Shoots : 

Percentage Infected. 

Date recorded 

30/11/42 to 
?/12/42. 

25/1/43 to 1/2/43. 

22/6/43 to 1/7/43. 

Variety 

Doris. 

0. Wilson. 

Doris. 

G. Wilson. 

Doris. 

0. Wilson, 

Treotmmt 







No trfiatment 

41 

32 

34 1 

33-3 

80-8 

59 

Lime 

40 

23*4 

41 1 

42 0 

8M 

54*5 

lame and zinc sulphate 

26 

16 

42-5 

43 0 

77*3 

66-7 

Lime-f5ulphur 

23 

2.1 1 

31-9 

34 0 

81-0 

50*0 

Dormant Bordea ii \ 

27 

27-6 

33-3 

331 

C90 

46*2 


The zinc-sulphate spray caused extensive da.mage and dropping of foliage. 
The differences are not significant, but the low infection of shoots and fruit 
following the single Bordeaux spray suggested the further trial of thia 
material in the following season. 
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In the 1943-44 season the two early applications of 3-4-50 Bordeaux 
caused leaf and twig damage, and for later Applications the concentration 
was reduced to 1^3-50. E&cts of the treatments on fruit infection at time 
Sf picking, 26th January to 16th February, 1944, are given in Table III. 


Table III. — FIfkects of Spkay Treatments on Occurrence of Fruit Lesions of 

Hacteuial-spot 


i 

' 

Bordeaux. 

1 

Zinc 

1 Sulphate. 

Lime- 1 
KUl{)liiir. 

Nitrate 
of Soda. 

Check, 

Mean. 

Dilferenne 
required for 
Sijitnlficauco 
at 5 per 
Cent. Level. 

Mean pen^eiit- 
age inf<*(;tion 

7.S 

22 ‘37 

24 ■.'57 

1 

20 *87 

27-85 

21*9 

i 

5-30 



Fig. 5. — ^Boris tree severely pruned during winter of 1943. 


From the table it is obvious that Bordeaux spray gave a highly 
significant reduction in disease. The difference shown by zinc sulphate is 
also significant, but the amount of spray damage associated with this spray 
material outweighs its value as a bactericide. 

Leaf and twig infection varied with treatment, but differences were 
not as marked as those obtained with the fruit. Tinal twig counts were 
made during pruning, 26th June, 1944, six months after the last spray 
application. They showed the following proportion of infected twigs : 
Bordeaux, 33*0 per cent. ; zinc sulphate, 77*5 per cent.; liine-sulphur, 
78*0 per cent. ; nitrate of soda, 72*1 per cent. ; checks, 83*0 per cent. 

20^--8oiei]ioe. 
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In the 1943-44 season there was a general increase in fruit-production 
above that of the previous season. In Table IV are given percentage 
increases associated with the -various treatments. 


Table IV.^Efpect of Treatments on Inorbased Fruit-pboouction of 194^ 
8EASON OVER 1949 Season 


— 

Bordeaux. 

Zlue 

Sulptiate. 

Lliue- 

sulphur. 

Nitrate 
of Soda. 

Uhouk. 

Mean. 

Difference 
required fb 
Significance 
at 5 per 
Cent. Level. 

Mean ptTcent- 
age increase 

386 

300 

308 

861 

669 

484 

467 


From the above table it is evident that no treatment gave an increase 
significantly different from the checks, though the nitrogen treatment is 
significantly greater than the three spray treatments. In the latter case the 
difference arises from a coml)ination of the increase caused by nitrate of 
soda and a decrease caused by spray treatment. 

Discussion 

Results of treatments show that infection by bacterial-spot can be 
reduced by applying Bordeaux or zinc-sulphate sprays, but because of 
spray damage the reduction arising from use of the latter is not sufficient 
for practical purposes. Bordeaux 3-4-50 also causes foliage damage, but 
the high degree of control of bacterial blight with lJ-3-50 justifies further 
experiments to determine the optimum concentration of this spray material 
and the minimum number of applications required. H. B. S. Montgomery, 
M. H. Moore, and T. N. Hoblyn, at East Mailing, have also reported foliage 
damage of plum with 6-9-100 Bordeaux and good control of bacterial 
canker {Pseitdomonas morsprunorum) without damage with Bordeaux 
4-6-100. In the preceding experiments only Doris and George Wilson 
varieties were used, but preliminary trials show that other Japanese varieties 
are also susceptible to foliage injury by copper sprays. 

Soil dressings with nitrate of soda did not reduce the incidence of 
bacterial-spot. Severe winter pruning, instead of reducing the amount, 
increased infection of both fruit and shoots. 

Much of the shoot infection (see Table I) occurs in late summer and 
autumn, and it is possible that summer pruning of infected twigs or 
additional Bordeaux sprays in the autumn would afford some protection 
for new growth during the autumn period. 
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ROOT DEVELOPMENT IN SOME COMMON NEW 
ZEALAND PASTURE PLANTS 

IV. A METHOD OP ROOT SEPARATION 
By W. A. Jacques, Massey Agricultural College, New Zealand 


[Received for puhlication, LSth Deremht^r, JU44\ 


Summary 

A method of olitainiiig root-wei/^hts from pasture swards, arul tlie 
technique employed in aepaniting them from sriil and orizaiiie matter, are 
discussed. The method outlined is suitt'd to soils free from .stones and 
excessive amounts of organic matter. 

1 NTRODUCTION 

Many difTorent methods have been devised for the analysis of the root 
population in the soil, each one to suit special circumstances. The 
governing factors in determining the method that shall be employed are 
sjiecies, soil type, climate, water-supply, proximity of the area to the 
laboratory, type of information it is desired to obtain, and the personnel 
available to do the work. Where the personnel is adequate there is little 
difficulty in sampling at the corr<?ct time, but where it is small, factors 
arise which delay sampling which can modify results considerably. If, 
for example, a large block of soil is examined for roots from each of a number 
of different treatments, there follows a lack of sample distribution. In 
addition, there is an inevitable interval of time between the preparation 
and examination of one sample and the next, and a greater one between 
different series. During these tinie-intervals, changes may be taking place 
in the root system. The changes may be considerable in the period of 
greatest root activity where there is a great increase in root-weight and 
often depth of penetration, whilst in the period when dry weather is setting 
in and the plants are approaching their culminating point of growth for 
the season (November-January) there could be a rapid loss in the root- 
weight of grasses. 

If, on the other hand, a number of small samples is taken simultaneously 
from any one treatment and the sam])iing is rotated around the different 
treatments, randomization is obtained, but there follows an inevitable 
time-lag between sampling the first and the last treatments of the series. 
This, however, appears to be the more satisfactory method. The sampling 
method that has been adopted with some root-development inyestigations 
at this centre, where lack of personnel has made some sampling compromise 
necessary, has been to take single small prisms of soil 12 in. long (using 
a root sampler designed for the purpo8e(l) ) from each of the different 
treatments of a series on a given sampling date. The most ambitious trial 
attempted by this method was one to determine root- weight and root- 
penetration in the different layers of the top foot of soil. For this, five 
species series were used, each of which was subjected to a no-fertilizer and 
three different fertilizer placements. Samples were taken to embrace the 
fertilizer treatments for one species series each week, so that mn interval 
of five weeka intervened between successive samplings of any one species 

21«^oieiioe. 
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series. The trials were repeated for four successive years with a modification 
in the method of raising the plants, but not in fertilizer application in each 
year. Despite the disturbing effect of time between sampling and the small 
number of samples at each sampling date, major trends could .be worked 
out for each species series over a number of years. With a less ambitious 
project to cover one or two species only, statistical analysis of results would 
be possible. 

Method op Root Separation a.nd Washing 

The soil prisms 2 A in. by 2ft in. by 12 in. were raised from the plots, 
taken to the laboratory in special boxes(l), and were cut into sections of 
the desired thickness. In a suitable pasture soil it was found possible to 
sample every inch of the profile in this way. If the soil was too dry to 
cut cleanly, it was moistened by covering it for some hours, or overnight, 
with a wet cloth. Each section of the prism was washed separately in a 
horse-hair sieve, the roots collected, dried, and weighed. For some trials 
the surface layer of the sample can profitably be discarded without unduly 
affecting the results, for it is the separation of roots from this region that 
demands a considerable amount of time and especial care. The high 
organic-matter content at the surface of a pasture soil makes root-separation 
by any method difficult, but given the ti?ne this is a convenient technique. 
Th(? general method of root-separation used over a period of years .for 
obtaining root weights in a number of experiments was as follows : — 

k soil section was soaked by placing it in the sieve and immersing it 
in a bucket of water until the water was above the level of the soil, but did 
not reach above the top rim of the sieve frame. The sieve consisted of a 
circular wooden frame across which was stretched a plain- weave horse- 
hair mesh. The warp and weft were each made up of four strands of horse- 
hair and there were seventeen of each to the inch. As they occupied about 
half of the face, the spaces between each warp and each weft was 
approximately rU in. When the soil was softened, a fine spray of water 
from a rose was directed on to it (Fig. 1), and the soil particles were carried 
through the holes in the sieve and left the roots, weed-seeds, undeca\'ed 
organic matter, small stones, ami even coarse sand particles on the sievi^. 
Although the holes in the sieve were small enough to prevent the direct 
passage of unbranched main crown roots through the sieve, the diameter 
was much greater than that of the finest roots. It was found, however, 
that if normal care was taken in the separation, the loss of roots was very 
small. The nature of the surface of the roots, (juite apart from any 
brandling, caused their retention on the sieve. The roughness of the horse- 
hair due to scales, together with the coating of root hairs on the roots, 
formed a mechanical obstruction to their easy passage through the holes 
in the sieve. By altering the direction of the spray of water from the rose, 
the roots were gathered together in a bunch along with any foreign matter 
that failed to pass through, and they were then ready for transference from 
the sieve to a glazed earthenware basin or bowl. The transference was 
performed by inverting the sieve over the bowl and washing the bunch 
of roots into it (Fig. 2). 

In the bowl the roots and other material commenced to settle out at 
different rates. The heavy material and soil collected quickly at the bottom ; 
many seeds and some foreign organic matter were found to float on the 
surface or cling to the sides of the earthenware container. If roots floated 
on the surface (and frequently new roots that were separated from the plant 
-and from older portions of the root did float), then they were collected with 
forceps before the next operation, otherwise they might easily float away* 
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[Photo bff Harvey Drake 

Fra, 1. — Method of separating soil from roots using a horse-hair sieve and 
a spray of water. 



• [Photo by Wofvey Drake 

Fia. 2, — Transferring the sc^parated roots to the earthenware bowl* 
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If there were no floating roots, then the floating seeds could easily be 
decanted off, but it was always found safer to pass any liquid that was poured 
from the earthenware container over a red rubber “ baffle ’’ (Fig. 3). This 
baffle (Fig. 4), (which originated as a toilet article) consisted of a flat 
rubber base from which erect cones. of rubber projected. These cones 
prevented the passage of the roots when liquid from the earthenware basin 
was poured slowly over the .baffle, but permitted round seeds, small short 
pieces of organic matter, and anything that did not naturally cling to the 
rubber to be floated ofl‘ while the roots were retained. By so arranging 
the separation over the baffle it was possible to separate floating material 
other than roots from the rather heavier roots, and also the roots from the 
material that settled rapidly to the bottom, as this could be left in the 
earthenware container after pouring off all the roots. The material collected 
on the baffle needed further separation with the forceps. This was done 
either in water or on glass. If in water, the material from thti baffle was 
washed into a petri dish and examined on a black background, and anything 
other than roots removed. To collect the roots again the contents of the 
dish were poured slowly over the baffle, the baffle cleaned on glass, and the 
roots were then separate from any foreign matter and ready to be dried 
and weighed. If using plate glass for separating the roots from foreign 
matter, the baffle was cleaned by striking it sharply several times on the 
glass. The roots were bv this means forced on to the glass ; any that did 
remain on the baffle were easily seen against the red rubber and were picked 
off with forceps. The roots w(ire collected from the plate glass with a safety* 
razor blade and w^re then ready for transference to folded blotting-paper 
containers to be dried and weighed. 

Weighing the Roots 

It was found that air-dried roots varied considerably in weight with 
Varying temperature and humidity, differences of u}) to 5 per cent, have 
been obtained(2). It was therefore desirable to standardize the method 
of weighing. The technique first adopted (1937 and 1938) was to dry the 
roots for several days at room temperature and then to transfer them to 
a constant humidity room where the temjierature was maintained at 68° F. 
and the relative humidity at 60 to 65 per cent. The temperature was 
maintained very accurately by a thermostat, and the humidity was controlled 
by a fan directed on to large shallow dishes of salt solution. Violent external 
humidity fluctuations were reflected to a small extent in the room due to 
the inadequacy of the brine solution as a means of control. To obviate 
this error, weighing was done when the humidity had remained constant 
for about twenty-four hours. A Bunge balance was used, taktm as 
weighing correct to 0-3 milligrams. 

The method of drying the roots in 1939 and subsequently was modified. 
The roots were placed in a vacuum oven and dried at 70° C. After drying 
they were kept in a desiccator until they were weighed on the Bunge 
balance. 
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Summary 

Methods of preservation of rye-grass ( Lolium perenne) using boiling alcohol, 
boiling water, frefizing at —9° and — 22^’C., air drying at 35“, 70‘\ 106°, and 
120° C., and bottling were tested. Vitamin C, phosphatidos, free fatty acids, and 
sugars were used as criteria. As a means of arresting enzymatic or other 
changes, boiling alcohol or rapid air drying appeared to be equally satisfactory. 
For subsequent storage of the materials alcohol was more satisfactory unless 
the dried material was kept out of contact with moisture and air. The free 
fatty acid and phosphatide contents of grass samples dried at a temperature 
between 35° and 105° C. were respectively greater than and less than those 
found for alcohol preserved grass. Grass dried rapidly in a commercial drier 
at 120° C., however, contained less free fatty acid and free sugar, but the same 
proportions of phosphatide as grass preserved in boiling alcohol. The free sugar 
content of the grass dried at 120° C,, although initially lower than that of the 
alcohol preserved material, in the course of thirty-two days increased to 
approximately six times the original v^alue. 


Introduction 

In the course of investigations in connection with facial eczema the 
necessity for transporting samples of pasture long distances before extraction 
has made it important that the methods of preserving grass should be 
studied. Possible causes of changes in the chemical composition of pasture 
during storage are enzyme and bacterial activity, oxidation, and loss of 
volatile constituents. 

Drying of grass as a means of preservation has been discussed by 
WQodman(l). A band drier operating with furnace gases at 2(X)° C. gave a 
product displaying no significant loss of carotene and digestibility of protein 
as compared with the fresh grass from which it was made. It has been 
found that the material being dried should be removed from contact with 
the hot gases as soon as it is dry. 

Bartlett et aL(2) studied five methods of drying grass. Drying with a 
current of air at 57^, 77^^, and 150'' C. respectively gave similar values for 
carotene and for the biological values of the protein which were superior 
to those obtained for grass left to dry in air, exposed to sun or protected 
from sun and rain. The drying of farm crops has been discussed by 
Cashmore(3). 

Most of the literature on drying as a means of preservation refers to 
vegetables, which prior to drying are generally blanched. In this process 
the material is sterilized, but not cooked, by use of boiling water or live 
steam. This ensures also more effective preservation of vitamin C(4), 
which is lost in varying amounts(5) according to the type of vegetable. 
Such losses have been attributed to non-enzymatic catalysis and destruction 
of protective reducing substances(6). In the case of preservation of other 
constituents blanching is not necessarily the best practice, and some workers , 
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prefer to dry without blanching(7, 8). The dehydration of fruits and vege- 
tables is discussed by Tressler(9). Davis, Eidt, McArthur, and Strachan(lO) 
stress the need for rapid drying and the importance of low temperature 
for subsequent storage. 

Aykroyd(ll) has shown that commercially dried vegetables retain the 
ascorbic acid content better in sealed tins which prevent the absorption 
of moisture. 

Martson, Quinlan- Watson, and Dewey(12) on the dehydration of lucerne 
have shown that the leaf-meal prepared by dehydration at 105'' to 110° C. 
with a stream of air contained 80 per cent, of the ascorbic acid originally 
present in the fresh leaves. The carotene was retained practically quanti- 
tatively under these conditions. The rate of destruction of ascorbic acid 
was greatest during the time when the temperature of the leaves was rising 
from 50° to 65° C. 

When the moisture content was below 4 per cent, the loss of ascorbic 
acid on storage in vacuo at 37° C. for 210 days was 8 per cent., but in the 
case of samples exposed to air the loss was over 50 per cent. In samples 
containing 10 to 11 per cent, moisture, whether stored in vacuo or in air, « 
the loss of ascorbic after 210 days was 85 to 90 per cent. The experiments 
also confirmed the experience of other workers that the materials imme- 
diately after dehydration should be removed from the drier. 

In the case of storage of vegetables by freezing, blanching is the usual 
practice(4, 13). During this process some vitamin C is lo8t(13), but, provided 
the temperature is rapidly reduced to below —18° C%(14, 15, 16, 17, 18), 
the subsequent loss is small. 

In the canning practice(19) the raw food is thoroughly cleansed and then 
blanched in boiling water or with live steam. The food is next put in the 
can, which is sealed immediately, the dissolved gases having been removed 
as far as possible by preheating. The can is then heated sufficiently to 
destroy those bacterial spores that are likely to be present. The optimum 
temperature for acid foods (less than pH 4*5) is about 93° C. Non-acid 
foods require a temperature of about 116° C. The tin is then cooled as 
rapidly as possible to prevent undue softening. The details differ somewhat 
according to the material being canned. According to Kroker(17) and 
Dunker and Fellers(20), 25 to 40 per cent, of the vitamin C is preserved 
during the canning process. The destruction of vitamin C is catalysed by 
copper and iron, but modern cans are made with very pure tin and there 
is no loss due to this cause(16). 

According to Loomis and Schii 11(21), boiling alcohol penetrates the tissues 
rapidly and results in prompt destruction of enzymes. The necessity for ^ 
rapid destruction of enzymes by boiling alcohol in preparing samples for 
carbohydrate analysis is also stressed by Davis, Daish, and Sawyer(22). 
Cold alcohol is much less effective than boiling alcohol. For example, 
celery-leaves dropped into cold alcohol and quickly brought to the boil 
contained twice as much reducing sugar as leaves from the same sample 
dropped immediately into boiling alcohol(21). Cold alcohol, however, is 
stated by Briese and Couch(23) to arrest enzymic hydrolyses of cyanogenetic 
glucosides. 

In this work phosphatides, free fatty acids, and in some cases ascorbic 
acid and sugar have been used as criteria to determine the efficiency of 
preservation. In earlier work loW phosphatide values were obtained for 
grasses ; 04 to 0*5 per cent, of the dxf matter(24, 25). The effect of treatment 

22 * 
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on the phosphatide content of plants does not appear to have been previously 
studied(26). Recent work by one of us, however, has shown that fresh 
grass plunged into boiling alcohol contains up to 1*7 per cent, of this 
conatituent(26). This suggested that the phosphatides should prove useful 
as a measure of preservation. 

Experimental 
Methods of Analysis 

(a) Total Lipid t Phosphatide, and Free Fatty Acid. — In the cas(‘ of large 
samples, the fresh or preserved grass was )>oiled in alcohol and pressed. 
Small grass sain])les, after boiling with alcohol, were put through a Health 
Mine juice-extractor. The fibre was dried, ground, and then extracted 
wdth petroleum ether and, finally, with alcohol. The alcoholic pressings 
were concentrated and extracted with petroleum ether. The combined 
petroleum ether extracts were washed with water and treated with anhydrous 
sodium sulphate to remove chlorophyll as described p:foviously(25). To 
determine the acetone-insoluble material the lipid was boiled with ten 
volumes of acetone cooled to 0^ C. and filtered, the process being repeated 
until no cold acetone soluble material was extracted. The phosphatides 
were obtained by boiling the cold acetone insoluble material with ten 
volumes of acetone and filtering or decanting, while hot, repeating the 
process until free from waxes. The free fatty acids were estimated as 
oleic acid by titrating 0*5 g. to l*0g. of the cold-acetone-soluble fraction 
with n/2 alcoholic potash using phenolphthalein as indicator. The neutral 
alcohol was heated to dissolve the free fatty acid and then cooled prior to 
titration. 

(b) Sugar.- kn aliquot of the water soluble extract of the grass was 
clarified using the method of Doak(27), modified as follows : to 10 ml. of 
aqueous extract were added 2 ml. of a 2*2fi per cent, solution of cadmium 
sulphate and 0*3 rnl. of 0*55 n sodium hydroxide. After heating to boiling, 
the solution was allowed to cool and then filtered. The reducing sugar was 
estimated according to the method of Schaffer and Somogyi(28). For the 
determination of the total sugars, the solution was hydrolyzed by boiling 
wdth 0*05 N sulphuric acid for one hour ; then neutralized with n/2 sodium 
hydroxide and the sugar estimated on the hydrolyzed solution. 

(c) Ascorbic Acid (Vitamin C). — Titration with 2*6-dichloropheno]- 
indophenol, was U8ed(29, 30). Dehydroascorbic acid was determined after 
reduction with hydrogen sulphide, removing excess with a stream of carbon 
dioxide and proceeding as for ascorbic acid. , 

Methods of Preservation 

(а) Boiling Alcohol. — The freshly cut pasture was dropped into sufficient 
hoiling alcohol to cover the sample and the boiling continued for twenty 
minutes. For storage purposes the alcoholic solution and the pasture were 
transferred to airtight jars. * 

(б) Boiling Water. — The treatment was the same as described for alcohol, 
variations in temperature being obtained by the use of an autoclave. 

(c) Bottling.— Two samples of grass were plunged into boiling water and 
the boiling continued for twenty minutes in a preserving jar at 100*^ and 
120° C. respectively. While still hot, the jars were sealed. On the following 
day they were retorted, using the same conditions as in the original treatment 
with the lids loosened, and then again sealed for storage. 
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(d) Drying . — In the air-dryer used the grass was exposed to a current 
of air at 35° or 70° C., using thin layers of grass supported in trays. An 
oven was used for the sample dried at 105° C. 

The grass from Wairoa and Ruakura was dried in a commercial drier 
using air heated to approximately 120° and under the best conditions taking 
twenty minutes to dry. 

(e) Freezing,- Small samples (cf Tal)le 1a) were introduced into the 
inner chamber of a refrigerator for —9° C. For —22° C. the grass was 
introduced inside a test tube into an alcohol bath supplied with suitable 
refrigeration. 

MateriaU uml for Inr,estigation 

For this purpose a plot was prepared adjacent to the laboratory and 
sown with Perennial rye-grass (Lolium perennr) seed. The plot was divided 
into sixteen strips and sampled at intervals. Each sample comprised four 
strips sel(‘cted at random, the « 4 rass not having l>een cut previously. 

The larger samples W(‘re collected from various localitie.s comprising, in 
tlie cas(‘ of Palmerston North samples, pure sp('cies. The other samples 
were from normally grazed j)astures. 

Results 

Table 1a, — The Effect of Treatment on the Content of Certain Constituents 

OF (tRAS.S 


(Free Fatty Acid and PhoBphatide.s c\'pres.sed as Percentace of Dry AlnteriMl) 


Date 

collected. 

1 

1 Demcrijitiou of Grass. (All 

samples treated whilt? fresh.) 

i 

Treatment. 

Wet 

Wt'ight 

I of 
j Samples 
j (Grams). 

i . 

•5 

p 

i 

i Free 
! Fatty 

1 Acids. 

3/9/40 

Fiv<* mouths after sowinfj. 

1 

I Frozen In ice-ohest 

16,780 

0-09 

i 1-63 

Kuukuru 

j Dried at tJ. 

6,410 

0'48 

I 0 03 

2/5/4 J 

10 in. to 12 in. hitfh, Paluiersttm 

j Boiling alcohol 
j Driefl at 70® C. 

8,. >40 

1-36 

0-54 

North 

4 , 464 

0-35 

185 

7/10/41 

I'welve month.s after sowiuji, 

Boiling alcohol 

4. '>4 

0-89 

0-43 


1 octal plot 

1 Frozen at - 9" C. for fourteen 
! days 

4.54 

0i60 1 

0-35 

28/12/41 

One month after sowing (6 in. 

: Bolling alcohol 

200 

0*63 

0-32 


high), local plot 

Boiling w ater 

100 

0-67 

0*81 

26/1/42 *. 

Tw'o months after sowing (7 in. 

Boiling alcohol 

250 

2-20 

0'32 

high), leant 1 plot 

Boiling water 

Dried at 105" C. for twenty-four 
hours 

454 

300 

1*57 

1 ' 23 

0-68 

0*90 



Frozen at - 9® C. for ten days . . 
Frozen at —9" C. for thirty-seven 
days 

100 

100 

1 -.25 

! 0-57 
0*68 

4/3/42 I 

Four months aUer sowing (9 In. 

Boiling alcohol 

500 

1-15 

0*36 

high), local plot 

Frozen at -22" C. for nine days 

150 

0-81 

0-34 

7/4/42 

Eight months after sowing (9 in. 

Boiling alcohol 

250 

1-28 

0*43 

high), local plot 

Bottled, 100® C’. (stored for thirty- 
six days) 

454 

0*89 

0^30 



Bottled, 120“ C. (stored for thirty- 
six days) 

454 

0-40 

0.76 

4/12/41 

Six months after sowing (flush 
growth after rain, 6 in. to 

7 in. high), Palmerston North 

Boilimy; alcohol for one hour 

18,140 

1-61 

0*39 

Boiling water and then steamed 
for several days 

23,270 

0-82 

1*47 

20/8/42 

Nine months after sowing (7 in, 
to 14 in. high), local plot 

Boiling alcohol 

227 


0*26 

Boillug water for two hours 

1 Bolling water for four hours 

1 Bolling water at 105“ for two hours 

227 

227 

227v, 

1-76 

1,55 

1-70 

0-41 

0*37 

0*61 



BoUing water at 120“ for two hours 

227 

0-64 

0-67 
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Tabi.b 1b. — Free Fatty Acids and Phosphatides expressed as a Percentage of 
TUB Values given by the Alcohol Treatment 


Treatment. 

Time of Treatment. 

Time of Storage. 

Free Fatty 
Acid. 

Phosplm- 

tides. 

Boiling aU'oho . . 

Twenty minutes 


100 

100 

Boiling water . . 

Twenty minutes 


•255, 212* 

106, 71* 

Bolling water 

Twenty minutest 

Thirty-six days (bottled) . . 

70 

70 

Boiling water . . 

Twenty inlnuteBt 

Thirty-six days (bottled) . . 

180 

38 

Boiling water . . 

Two hours 


158 


Bolling water . . 

Four hours 


142 


Boiling water, 105^ C. 

Two tiours 


196 


Boiling water, 120® C. 

Two iiours 


258 


Frozen at —0“ C, 


Ten days 

178 

57 

Frozen at — 9® C. 


Fourteen days . . 

81 

68 

Frozen at — 0® C. 


Ttiirty-seven days 

181 


Frozen at —22“ C. 


Nine days 

! 05 

1 70 

Dried at 38“ C. . . 



158 

26 

Dried at 105® C. 

Twenty-four hours 


280 

56 


• These figures do not represent duplicate determinations, but were obtained on separate samples 
at different times. 

t Denotes that the treatment was repeated on the following day. 

Table Ic. — ^A scorbic Acid 


Treatment. 

Milligram 
Percentage on 

Wet Weight. 

Expressed as a 
Percentage of the 
Ascorbic Acid ('outent 
of Fresh Grass. 

Fresh trrass 

75-5 

100 

Boiling alcohol 

68-0 

77 

Boiling water, twenty minutes 

47-8 

03 

Fresh grass . . . . . . . . 

37(> 

100 

Frozen at — P'’ C. for ten days 

0-3 

0*7 

Fresh grass 

40 0 

100 

Boiling alcohol 

22*2 

50 

Boiling water, two hours . . . , . . 

12-3 

31 

Water at 105°, two hours . . 

16-4 

40 

Water at 1 20°, two hours . . 

lH-3 

40 


Table Id.-— Redijcing Bugar 
(Expressed as a Percentage of Dry Weight) 


Treatment. 

Before Hydrolysis. 

After Hydrolysis. 

Boiling alcohol 

0-20 

4- 13 

Boiling water, two Lours 

0-00 

4- 18 

Boiling water, four hours 

0-62 

4-00 

Boiling water 105° 0., two hours 

0-54 

4-01 

Boiling water 120° C., two hours 

0-02 

419 


In evaluating the results given in Table 1a it is necessary to take into 
consideration certain complicating factors. Only samples cut at the same 
time are comparable in all respects, and comparisons between samples cut 
at different times may not be valid. In the event of the hydrolysis of the 
lipids occurring during preservation treatment the free fatty acids may either 
form soaps(32), which would not be extracted with petroleum ether, or 
combine with organic materials. The results may also be complicated by 
the fact that the enzymes affecting the components studied — i.c., free fatty 
acids, phosphatides, sugars, and vitamin C — may vary in absolute and 
relative amounts in different samples. In the interpretation of the results 
only major differences can be considered significant. 
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The highest values for phosphatides were obtained with the boiling- 
alcohol treatment, but in some cases the boiling- water treatment was as 
effective (Table 1a). This seems to indicate that the phosphatides in certain 
circumstances are stable towards heat. Prolonged heating at 120° (cf. 
Table 1a), however, appears to cause breakdown of the phosphatide molecule. 
A similar effect was noted in a sample which had been steamed for several 
days. The free fatty acid content in the case of the boiling-water treatments, 
without storage, was from 1-4 to 2-6 times greater than was found for 
alcohol preserved samples (Table 1b). The free fatty acid value of the grass 
preserved by heating in water at 100° C. and bottling for thirty-six days is 
anomalous, being lower than that found for the alcohol control sample. 
Freezing at -“9° C. resulted in loss of phosphatides, and in two of the three 
trials greatly increased the free fatty acid content, but in one trial the free 
fatty acid was low, as compared with the value for the alcohol preserved 
samples. Freezing at -“22° C. resulted in 30 per cent, loss of phosphatide 
but no gain in free fatty acid. It is conceivable that the grass is not 
immediately killed on freezing and that metabolic processes continue, result- 
ing in the utilization and/or production of constituents. 

Sterilization of the grass with boiling alcohol or with boiling water for 
twenty minutes were the most satisfactory treatments for the preservation 
of ascorbic acid. Freezing at —9° C. for ten days resulted in almost complete 
destruction of vitamin C (Table Ic). 

Grass subjected to boiling alcohol or to boiling- water treatment had only 
a small proportion of dehydroascorbic acid. However, grass autoclaved at 
105° C. and 120° C. contained 4-4 mg. and 6*2 mg. per cent. (Table Ic) 
respectively of dehydroascorbic acid, bringing the total ascorbic acid up to 
that of the alcohol preserved sample (22*2 mg. per cent.). 

Apart from the relatively low value (Table Id) for the free sugar from 
the. boiling alcohol treatment there was no significant difference between 
the treatments in regard to sugar content. It is possible that ffife boiling 
with water resulted in the hydrolysis of some carbohydrate — c.y.", glucoside — 
or else the boiling alcohol more rapidly arrested enzyme action by quicker 
penetration of the tissues. 

More detailed work on the drying of grass was done subsequently to the 
above results and is set out below. The object of these experiments was 
to compare grass preserved in boiling alcohol with dried grass, and to study 
the effect of the size of the sample and of storage on the ascorbic acid, total 
lipid, phosphatide, free fatty acid, and free sugar content. The grass used 
was cut at 6 a.m. with a motor-mower, thoroughly mixed, and the weighed 
samples transferred to the drier or to the boiliiig alcohol with minimum 
delay. To evaluate the sampling errors twenty-four separate samples were 
prepared, and for these three were selected at random for each treatment. 
An analysis of variance(33, 34) was made of the results. 


Table 2a. — ^Waiboa Pasture ; Ascorbic Acid (Milligram Percentage op Dry 

Weiout) 


Fifteen Days’ Storage. 


Thirty-six Days’ Storage. 


Boiling Alcohol. 

Dried, 

Boiling Aloohoi. 

Dried. 

lib. 

10 lb. 

1 lb. 

101b. 

1 lb. 

10 lb. 

1 ib. 

1 

10 lb. 

29-2 

30*3 

19-2 

43*8 

22-4 

10 -8 

4-7 

7-0 

36-2 

30-5 

26-0 

38-2 

400 

15*2 


8-4 

29-4 

43-7 

16* 1 

66-5 ! 

21 0 

20*5 

1*5 

16-4 

Means 31 * 6 

34*6 

'20-4 

46*2 

27-8 

17-5 

3-4 

10-3 
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Fresh grass contained 377 mg. per cent, on the dry weight. 

The results of Table 2a show that, irrespective of the method of storage, 
the ascorbic acid content decreased significantly in the course of time, the 
effect being more pronounced in the dried samples as compared with those 
stored in alcohol. The 10 lb. dried samples contained more ascorbic acid 
than the 1 lb. dried samples, after the same period of storage, the ascorbic 
acid content of the former being relatively less affected by storage. 


Table 2b. — Wairoa Pasture ; Total Iapid (J^krcentaoe of the Drv Weioht) 


Fifteen Days’ Storage, 

1 

Thirty-six 

i 

J>ay»* Storage. 

Bolling Alcohol. 

1 

- 1 

Dried. 

1 

Boiling Alcohol. 

1 Dried. 

i _ . 

1 lb. 

10 lb. 

1 1b. 1 10 lb. 

1 lb. 1 10 lb. 

1 

1 lb. 

10 lb. 


11-3 

10-9 

8-3 

9-7 

8-3 

7-4 

8-3 : 

81 


9() 

* 7-2 

10-2 

0*8 

8-2 

8* 1 

8-9 

7-(i 

10-5 

8-8 

9-2 

9*4 i 

6-9 1 

7-7 

9-2 

Means 9*3 

10- 1 

81 

9-7 i 

1 

8*2 

7-r, 

8*0 

S-7 


The alcohol preserved * samples after fifteen days’ storage* contained 
significantly more total fat than any of the other samples. The alcohol 
preserved samples after thirty-six days’ storage and all the dried samples 
did not differ from one another significantly. Presumably drying or standing 
in alcohol for lengthy periods renders a portion of the lipids insoluble in 
petroleum ether. 

Table 2c. — Wairoa Pasture : Petroleum Ether Soluble Phosphorus (Milligram 
Pbbcektaoe of the Dry Weight) 


Fifteen Days* Storage. T)iirty-»ix Days’ Storage. 


Boiling Alcohol. 

j Dried. . ! 

Boiling Alcohol. 

Dried. 

1 lb. 

10 lb. 

1 Ib. { 

|- 10 lb. 

1 lb. 

10 lb. 

1 lb. 

101b. 

S3 

72 

45 ■ ■ 

1 

57 

1 ! 

57 

1 

50 1 

43 

. 40 

47 

71 

31 

. 81 * 

34 1 

50 ! 

39 

54 

48 i 

• 37 

47 

92 

00 i 

41 1 

39 

. 5*^ 

'I 

Means 59 

00 

41 

77 

50 

49 

40 

50 


There was significantly less petroleum ether soluble phosphorus after 
thirty-six days’ as compared with fifteen days’ storage. There appeared 
to be no significant difference in the petroleum ether soluble phosphorus 
content in the alcohol preserved as compared with the dried grass. The 
101b. dried grass contained highly significantly more petroleum ether 
soluble phosphorus than the 1 lb. dried samples. This could be due to the 
1 lb. samples being over heated, rendering the phosphatides less soluble in 
petroleum ether. 
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Table 2d. — Wairoa Pasture : Free Patty Acids (Percentage or Dry Weight 
AND Calculated as Oleic Acid) 


Fifteen Days’ Storage. 


Thirty-six Days’ Storage. 


Boiling Alcohol. 

Dried. | 

Boiling Alcohol. | 

Dried. 

1 Ih. 

i 

10 lb. 

1 11). 

1 

10 lb. 1 

1 lb. j 

10 lb. 

1 lb. 

10 lb. 

2 00 

102 

()'79 

0-73 ' 

0-71 

0-t)8 

0-94 

0*80 

1()5 

0*58 

0-49 I 

0-38 i 

0-84 

0-98 

0-61 

0-75 

0*74 

Ml 

0-47 ! 

0-73 

MO 

0-fi4 

0-26 

0-01 

Means 1 • 4(J 

0-90 

0-58 

0 01 1 

j 0-88 

0-77 

0 00 

0-72 


The dried samples contained less free fatty acid than the alcohol 
preserved samples, this difference being highly significant. No other 
differences were significant. 


Table 2e. — Watroa Pasture : Free Si:gar (as Glucose), (Percentage of the Dry 

Weight) 


Fifteen Days’ Storage. j Tiiirty-six Days’ Storage. 


Boiling Alcohol. 

Dried. j 

Boiling Alcohol. 

Dried. 

1 lb. 

1 

10 lb. 

1 lb. 

10 lb. 1 

i 

1 lb. 

10 Ib. 

1 lb. 

101b. 

0 05 

1 

O-70 

1 

0-32 

1 

032 

0-30 

0-91 

0-50 

2-84 

0-50 

0-81 

0-42 

0-34 

0-49 

0*43 

M7 

1-40 

0-59 

0-80 

019 

017 

0*74 

001 

(0 27 

1-81 

Means 0-00 

0-79 

0-31 

0-28 1 

0-53 

(0 05 

0 05 

i 2 • 09 


The free sugar content of the alcohol preserved samples was liigher initially 
than that of the dried samples, but did not increase on storage and was 
unaffected by the size of the sample. On storage for thirty-six days the free 
sugar content of the dried samples increased, the effect being especially 
marked in all 10 lb. samples and in one of the 1 lb. samples. 

Attention is drawn to the wide variations in the results for the storage 
of dried samples, which are especially noticeable in the 10 lb. samples. 
Th^ cause of these variations is obscure. The absorption of moisture 
(approximately 12 per cent.) by dried samples would no doubt facilitate 
the production of free sugar. The greater insulating effect of the 101b. 
samples as compared with the 1 lb. samples might enable better retention 
of heat produced in the event of bacterial action. 


Table 3a, — Ritakura Dried Grass : Effect op Size op Sample and Temperature 


Weight of Grass. 

Time tahen 
to Dry. . 

Temperature 
below ‘ 
Tray. 

Vitamin C Content (Milligram 
Percentage of Dry Weight). 

Fresh Grass. 

Dried Grass. 

Percentage 
of Fresh 
Grass. 

lb. 1 

Min. 





100 .... 

90 

90 

705 

410 

54 

100 

60 

120 

874 

' 054 

75 

26 • 

20 

120 

714 

013 

■80 

10 

10 

120 

624 

. 695 ■ 

95 
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Table 3b. — Ruakuba DRiEn Grass : Effect on Storage 


- 

Vitamin C Content (Milligram 
Percentage of Dry Weight). 

i 

After Fourteen 
Days’ Storage. 

After Thirty-six 
Days' Storage 

25 lb. dried grass stored in sack . . . . 

332 

160 

10 lb. dried grass stored in sack . . 

224 

189 

Dried grass pressed into bale 

261 

94 


It is evident from the present work that although dried grass may be 
superior immediately after drying to the alcohol preserved samples, its 
keeping- qualities when kept in sacks or bales are very poor in respect to 
vitamin C preservation. 

In the interpretation of these results the size of the samples has an 
important effect (this is illustrated by Table 3a). To secure the l>est results 
when drying or freezing, the material must be spread in thin layers to effect 
rapid heat exchange. If means of preserving dried grass sucli as vacuum 
containers or carbon dioxide atmosphere could be devised, drying might 
prove to be as good or better than boiling alcohol. 

When cut grass was stored inside away from direct sunlight it was found 
in earlier unpublished studies that the chlorophyll content increased by 
10 per cent, after the first day’s storage, returning to the original value two 
days after cutting. Carotene was not appreciably affected under these 
conditions, while the non -protein nitrogen determined after twenty-four 
hours’ storage showed an increase, of about 17 per cent, based on the value 
for the freshly cut grass. 

It is therefore important to distinguish between a state of preservation 
in which the plant continues to live and a state of preservation which prevents 
changes in the quality and quantity of the constituents originally present in 
the plant. 

C0NCLt;ST0NS 

In preparing samples for chemical analysis, preservation in boiling alcohol 
would seem to be the most satisfactory process in the majority of circum- 
stances, should the alcohol and equipment be available. It is recommended 
that the intact leaves should be dropped into boiling alcohol and the boiling 
continued for twenty minutes. Failing this, boiling water can be used as 
an effective preservative if the necessary conditions are observed. For 
further storage the contents should be transferred to an airtight coiitaliner. 

Freezing is not satisfactory, unless it is rapid and the final temperature 
is low enough (at least — 20 ° C.). High temperature drying seems to offer 
good possibilities in regard to the preservation of certain constituents. A 
drier which rapidly heats the tissue to 100 ° would rapidly inactivate enzyme 
action. This may be achieved by exposing thin layers of grass to a rapid 
current of air heated to 120°. On the other hand, a drier in which the leaf- 
tissues remained at a lower temperature— e., 7 ., 35° C. — might well result in 
destruction of constituents or in the production of new substances during 
the drying process. 

To dry grass in a satisfactory condition it is recommended to use in the 
early stages a current of air at 120° C. until the moisture content reaches 
10 per cent, and to finish the drying at 60° to 70° 0.(35). Grass containing 
less than 4 per cent, moisture will keep well(12). Any increase in moisture 



1945] Collins and Shorland. — Investigations of 381 

Methods of Preservation of Grass 

content affects the keeping-qualities, and as dried grass will absorb from the 
atmosphere approximately 10 per cent, water, it is not feasible to store dried 
grass without appreciable changes in certain constituents, except in air- 
tight containers. 
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SOME STUDIES ON THE PROPERTIES OF RUBBER 
USED IN DAIRY EQUIPMENT 

PART II 

By W. G. Whittleston, Animal Research Station, Wallaceville 
(Cotitinmd from VoL 26, No, 5 (A Sect.), February, 1945, f. 252) 

SOME EXPERIMENTS ON THE SUITABILITY OF DIFFERENT 
RUBBER STOCKS AND TYPES OF RUBBERWARE FOR USE 
ON MILKING MACHINERY 

Inflations 

The following are the results of an investigation into the relative 
advantages of light moulded over soft inflations. 

Flexing-teat Results 

The following are the results of flexing tests on a collection of inflations 
of both types made by three different manufacturers : 


I.fnjurth of Crack (Inches). 



Light Mouhic'iL 

Soft. 

1 

O-S 

1-H 

'J 

SO 

2’2 


•1*0 

0-0 

4 

2-3 

0-() 

f> 

0-1 

0-3 

r> 

t)-0 

4-() 

, ' 7. . . . . . 

1 4-3 


S 

2;> 

I 5-1 

u 

M 

1 4-2 

Means i 

i 

-•2 i 

2*5 


It is evident on inspection that there is no significant difference Ix'tween 
the two types. 

Field Tests 


For the type of light moulded inflation tested above we have obtained 
under good shed conditions a life of 122 days. Soft inflations of the same 
make under the same conditions gave an average life of 93 days. These 
figures are fairly typical of the difference in life of the two types. The 
light moulded inflation does not deteriorate round the top as quickly as the 
soft inflation, as it is shaped to fit the ring and is hence not held under tension. 
Further, the rubber lip is somewhat thicker. 

The Effect of the. Addition of a Small Amount of Reclaim to Inflation Rubber 

The inflations used in this experiment were of make C and of two types : 
light moulded and soft. The two types will be discussed separately. 

lAght Moulded Inflations, field trials were carried out in the main 
shed at Massey Agricultural College, where conditions are good and uniform. 

The inflations were fitted to two sets of cups so that there were two 
mormal inflations and two containing reclaim in each set. All inflations 
were weighed at the beginning of the experiment and the absorption of fat 
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detormined by washing with a detergent mixture in hot water and drying 
in the air oven before weighing. 

The machine to which the infiations were fitted operated at a 13 in. to 
14 in. vacuum, a pulsator rate of 40, and a ratio of 40 : 60. The machine 
was washed twice daily with a detergent containing soda ash, sodium 
metasilicate, trisodium phosphate, and sodium sulphite. 

The following figures indicate the rate at which the two groups of 
infiations absorbed fat and the actual working life of this ty})e of inflation ; — 


No. 

Description. 

Weight 

at 

start. 

Weight 

after 

Fifty-three 

Days. 

Percent- 

age 

liiertjase. 

W'eight at 
End of 
Useful 
Life. 

Percent- 

age 

Increase. 

Idfe 

(Days). 

(a) 1 

-j- S per cent, black re- 

g* 

33 159 

g- 

42*094 

26*94 

g* 

44*889 

35*38 

79 (X) 

2 

claim 

Ditto 

35*527 

45*031 

26*75 

47*632 

34*08 

79 (X) 

3 

(/ontrol (normal red) . . 

>» • • 

32*iK)6 

37*776 

14*79 

i 42*094 i 

27*92 

123 (Y) 

4 

34*085 

40*657 

19*28 

I 45*293 

i 

32*88 

123 (Y) 

{h) 1 

-f red reclaim 

34*663 

39*183 

13*04 

43*652 

25*96 

123 (Y) 

2 

1 

33*442 

39*496 

18*05 

42*844 

28*13 

100 (X) 
123 (Y) 

^ 3 

1 Cont rol 

34*179 

38*940 

13*94 

43*0vSS 

26*20 

4 

i 

j • • • • 

33*061 

38*419 

1 14*14 

43*252 1 

28*50 

123 (Y) 


Notes. — Those samples inArked (X) ended their useful life due to flex cracking. 
Samples marked (Y) were discarded duo to bulging and pi>rishing round tht! tops. 


The following are the <Ietails of the inflations developing cracks : — 
No. 


Total Len^^th of 
Cracks (Indies). 


Condition. 


fa) 1 
2 

ih) 2 


1*5 

1*3 

0-5 


! Somewhat bulged. 

i 


When the four inflations containing reclaim are compared with the 
four controls after fifty-three days’ use the mean difterenpe (X) = 5*7, while 
the standard deviation (S) ~~ 4*8. This indicates that the differences do 
not quite reach the 5 per cent, probability level. If computed for the two 
pairs in the (a) group the mean difference 9*8, while the standard 
deviation 3*32, which almost reaches the 5 per cent, probability level. 
The results may be said to indicate but not definitely prove, that under the 
conditions of the ex[)eriment, the rubber containing reclaim tended to 
absorb butterfat and hence to swell and bulge more than normal rubber. 
There is no significant difference at the end of the life of the inflations. 

Life of Inflations tested : There is a significant difference between the 
lives of the pairs in group (a) (rubber containing black reclaim and normal 
red rubber), but none in the case of group (b). 

General Condition : The following notes summarize the general condition 
of the inflations marked Y : — 

(a) S . . Perished round tip. Walls slightly .sticky. Total length of flex cnicks = 
1*5 in. 

(a) 4 . . Similar to (a) 3, but has flex cracks totalling 0*6 in. 

ih) I . . Similar to«(a) 3, but has no flex cracks. 

(b) 3 . . Similar to {a) 3, has no flex cracks, but there is a flaw* in the w^all. 

(6) ,4 .. Similar to (a) 3, but has flex cracks totalling 0*6 in. and Is not quite as, 

sticky as (a) 3. 
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Soft Inflations . — Soft inflations made of the same mix as that described 
above as “ + red reclaim ” were compared with normal inflations of the 
same make in the following tests : — 

Fat Absorption': This test was carried out as described previously with 
the results set out in the accompanying figure (Fig. 9). Samples 1 and 2 
contained reclaim. It appears that the addition of a small amount of reclaim 
increases the tendency of the rubber to absorb butterfat. 



p ae^pteaotootao^o i^oisoioo 

Ttnm 


Fici, 9. — ^Fat-absorption carves (inflation: rubbers) : 1, 2, rubber containing reclaim, 
make C ; 3, 4, normal rubber, make C ; 5, 6, normal nibber, make A, 

Flexing Tests : The above rubbers were subjected to flexing tests, with 
the following results : — 

Make C — Length of Crack 

No. 1 (4- reclaim) — (Inches). 

(а) .. 0*6 

( б ) 2-0 

No. 2 (control) — 

(a) ,. .. .. .. 3'6 

(b) .. . .. 4-2 

4 

The mean differences for the above results in 2*6 in favour of No. 1 
samples, while the standard deviation is 0*6., The difference just reaches 
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significaiipe. A small amount of reclaim improves the flexing qualities of 
rubber. 


Permanent Set : Permanent-set determinations were carried out using 
the methods described above. The elongation was 550 per cent. The 
following results were obtained : — 


No. 1 (-f reolaim)- 

(a) 

(ft) 

No. 2 (control) — 
(a) 

(h) 


Pomianent Set 
(per Cent.). 

.. ()-54 

.. 6-54 

5-12 
.. 4*67 


The permanent set of the rubber lias apparently been slightly increased 
by the addition of a small amount of reclaim. 

The Characteristics of a Series of Experimental Rubber Stocks. — This 
scries consisted of four ex})erimental rubbers and a normal as control. Fat 
absorption and tensile strengths were determined on | in. by J in. by in. 
rings. Fat absorption was tested at 45®. 

The following are the characteristics of the rubbers used in the test : — 


1 

No. 

1 

Bn*akinu Load of 1 
Hinge. (KilograniH). 

Shore IfardnesH. 

Total Filh'rs 
(per Cent.). 

1 Colour. 

1 

JO-2 

51 

50-8 

(jJreen. 

2 

20-3 

47 

40-4 

Grev. 

3 .! 

27-4 

42 

21-6 

Pink. 

4 

22-4 

46 


Black (carbon 
black). . 

5 

21-() 

46 

33-9 

Red. 


The accompanying figure (Fig. 10) gives the fat-absorption curves for the 
above rubbers. The final breaking loads for the samples after immersion 
for 117-74 hours in butterfat at 45® C. were : — 


No. 

1 

2 

3 

4 
6 


Breakint; Load 
(KiloKraiim). 
.. 7-0 

.. 3-5 

.. 3-7 

.. 4-7 

.. 13-7 


The results of flexing tests and field trials are set out in the following 
table : — 






Flex Cracks on 

No. 

Length of Crucka 
(inches). 

Field Life (Days). 

Percentage Fat 
absorbed. 

discarding (average 
of Two Samples), 





(Inches). 

1 

4-5 . 

78 

12-6 

0-6 

2 

0-1 

85 

17-2 

0-7 

3 

0-0 

87 

20-7 

0-0 

4 (a) 

0-0 

\ 

1 


(ft) 

1-6 

/ 


* * 

5(«) 

(ft) .. 

1-1 

2-1 

1 87 

15-9 

0-25 


Only one sample of wh (except the cop.trols ,and carbon^black samples) 
was available for flexing tests. As the caTl^qurblack samples wc^re tested 
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in another Experiment under slightly different shed conditipns, the results 
are not given in this table. The maintenance of constant ahed conditions 
is extraordinarily difficult and hence only when a group has been tested 
together can comparison be made with any accuracy. 

Discussion 

The fat-absorption curves show that, for each type of rubber, fat absorp- 
tion increases with decreasing hardness. Carbon-black rubber is interesting 
in that it shows a greater rate of fat absorption than a normal rubber of the 
same hardness. The effect of butterfat on the breaking load of the rings is 
very marked. Generally, the normal red rubber has put up the best all- 
round performance. The rapid fat absorption of the carbon- black and soft 



Fio. 10. — ^Fat-absorption curves for a series of experimental rubber stocks. 


pink stocks is unsatisfactory, while the poor flexing life of the hard stock, 
No. 1, caused it to have a shorter life than the rest. 

An Examination op the Merits of Smooth Finish and Carron-black 
i Inflations 

The excellent results obtained on a flexing test with an inverted normal 
inflation gave rise to the belief that if an inflation with the same physical 
properties as a normal one but with a smooth exterior could be made, the 
flexing life Would be improved and it would be easier to clean. One manu- 
facturer devised a way of making such inflations. These were tested undet 
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typical field conditions tofiether with carbon-black rubbers. The following 
are the results of our tests on these rubbers : — 


Type. 

Flexing Test : 
Length of Cracks 
(Inches). 

1 

Permanent Set j 
(per Cent.). 

Field 

fLife 

(Days). 

Cracks on 
discarding 
(Inches). 

Percentage Fat 
al)Sorl)ed. 

Smooth 

4-4 

12-49 

109 

1-4 

15-80 


5-7 


122 

0-9 

10-08 


4-5 


129 

0-4 



2 0 


94 

0-0 

Av. 15-97 

Carbon black 

00 

8-84 

118 

0-5 

20-18 


1-0 


114 

0-0 

10-34 


1-4 

•• 

100 

0-0 

! 


0*3 

1 

109 

0-5 

Av. lcS -20 

Normal controls. . 

21 

• 21-07 1 

153 

1-0 

20-73 


M) 


111 

M 

21 ‘50 


1-3 


120 

0-9 



0*2 

1 



i Av. 21-12 

1 

1 ■ 


The smooth infiations are evidently not made of a rubber which is com- 
parable with the normal type*. This is most clearly seen in the difference 
in permanent set. Hence, the poorer flexing properties can hardly be due 
to the smooth finish — the op[)osite should be true. The poor flexing pro- 
perties of the smooth inflations are unfortunate, as these samples had to be 
discarded due to flex cracking before they had become flabby and very dirty. 
The carbon-black inflations put up a good performance, but were flabby 
when removed. The absorption of butterfat in this case has a more marked 
effect on the physical properties — e.g., tensile strength — than in the case of 
normal rubbers vgpbh a fine clay filler. This experiment indicates that unless 
carbon -black stocks are made with a greater hardness in order to increase 
their butterfat resistance they are no more satisfactory in use than normal 
stocks. 

The Light- ageing Resistance of a Group of Inflation Rubbers 

In the light of the results of earlier light-ageing experiments the 
following test was devised as a simple comparative light-ageing test. 

A weatherproof box with ample cross ventilation was fitted with a 
“ Perspex top. This box was placed on the top of the laboratory building 
in a place where nO' direct sunlight could influence it. ' Rubber samples 
were placed on glass plates as in previous experiments and suspended in the 
middle of the box, one side being kept towards the top. This meant that 
one side received direct sky light, the other being subject to diffuse light 
reflected from the grey paint on the interior walls of the box. 

One-half of the samples were treated with butterfat by dipping them 
for three hours in butterfat at 45° C. In order to have smooth surfaces for 
the experiment, the rings were turned inside out. 

The samples were exposed between 23rd November and 14th December, 
1943 — twenty-one days. The total radiant energy during this period was 
13,644 g. cal./sq. cm. and the total sunshine 173 hours. 

The transmission of the Perspex used in the ultra-violet region is 
given by the accompanying graph (Fig. 11). 

The accompanying photomicrographs (Fig. 12, a, 5, and^sc) illustrate the 
condition of the surfaces after the above treatment. 
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The rubbers used were the following : — 

Make D : Carbon black ; pink ; grey ; green ; normal (red). 
Make A : Grey. 

Make B : Normal. 

Make C : Normal. 

All rings were | in. wide and cut from standard inflations. 



Notes on photomicrographs : — 


No. 

Make. 

Treatment. 

Remarks. 

1 

C .. 

. . Fat 

Deep cracking partly across sample. Surface 
roughened. 

2 

B .. 

« . ff 

Very deep cracks across sample.. 

3 

A .. 

. . Control . . 

No change. 

4 

C .. 

Tendency to crack developing. 

6 

B .. 

. • ff 

Slight roughening. 

6 

A .. 

* • »» 

No change. 

7 

D (green) 

. . Fat 

Deep longitudinal cracks developed. 

8 

» (C. 6,) 

. . ff . . 

Sharp-edged regular deep transverse cracks. 
These do not run right across sample and aro 
characteristic in shape for this rubber. 

9 

D (normal) 

. . „ 

No change. 

10 

I>(grey) 

. . ff 

Surface holes just showing—probably incipient 
cracks. 

11 

D (pink) 

• • f» . 

Only one small crack at edge of sample ; otherwise 
unchanged. 

12 

D (green) 

. . Control . . 

Unchang^. 


13 1) (carbon black) „ .. Signs of incipient cracking. 

14 D (pink) . . „ . . Unchanged. 

] 5 1) (normal) . . „ . . „ 

16 T> (grey) . . „ . . „ 
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Discussion 

It is evident once more that butterfat greatly influences the resistance 
of rubbers generally to light ageing. Further, under “ Perspex,’’ ageing 
takes place at approximately twice the rate obtained under window glass 



Fia/ 12 (c). 


(twenty-one days produce almost as much cracking as forty days under 
window glass, despite the fact that the previous samples under glass were 
exposed to direct sunlight). There is a very wide range of differences between 
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different stocks in resistance to fat and light ageing. Make B and make C 
rubbers are poor, while make A is excellent. Make D green and carbon 
black, though not as badly aged as make B and make C, are nevertheless 
not good. Make D normal and grey are excellent. 

The above considerations are important in view of the fact that the life 
of inflations under field conditions is frequently governed by the light 
resistance of the rubber in the presence of butterfat. 



Tubing 

With the danger of an acute rubber shortage arising, work was done on 
the behaviour of rubber tubing containing a fair percentage of reclaim. 
In the tubing used in the following tests the normal raw-rubber content of 
the vulcanizate (50 per cent, to 60 per cent., depending on make) was re- 
duced by one-third, this being made up by whole-tire reclaim. Tubing so 
constituted has a fairly rough surface and therefore presents slightly more 
difficulty in cleaning. However, in an emergency this would not be serious 
if the other properties justified its use. 


Experiment 1 

The following series of tests were carried out on claw tubes (together T^th 
milk and air tubes in the field tests) supplied by firm B, 
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Bending Tests. — These were carried out as previously described, with the 
following result : — 

No. 

Standard . . . . 1 . 

2 . 

Reclaim . . . . 1 . 

2 

X - 12-4 ; S -= 7-2. 

The differences are not significant (P = 5 per cent.). 

Fat Absorption, — The fat-absorption curves for the rubbers under dis- 
cussion, determined on \ in. lengths, are set out in the accompanying figure 
(Fig. 13). The sample containing reclaim shows distinctly better fat resisting 
properties than the normal sample. 


Other Physical Properties : — 

Shore Hardness. 

Shore Elasticity 

Standard 

44 

98 

Reclaim 

60 

78 


Life 

(Hours). 
.. 36-8 

.. 25-2 

.. 17-7 

.. 19-8 


The lower '‘elasticity’’ figure indicates the likelihood that reclaim- 
containing stocks will show undesirable properties due to “ jiermanent set.” 

Field Life. — Under normal farm conditions reclaim claw tubes gave a life 
varying from 66 to 266 days. These tubes ended up by breaking through 
at the ends where they are bent in use. The controls of normal rubber 
put up a ])oor performance, giving only 46 days’ use before breaking through 
at the end. 

Experiment 2 

The following tests were carried out on make A tubing containing whole- 
tire reclaim in one case and reclaim from rubbers filled with clay, &c., in the 
other. These are described as “ black ” and “ red ” respectively and, as 
in the previous case, contain reclaim to the extent of one- third the normal 
raw rubber content. 

Bending Tests : — 

Type. 

Standard I) 

Standard A 
Standard D 
Standard A 
Reclaim A (red) . . 

Reclaim A (black) 

Reclaim A (rod) . . 

Reclaim A (black) 

Making a comparison between the above groups gives the “ ^ ” ratio 
3/8J = 0*21, which is well below significance. The variance of the two 
groups is an important figure ; for the controls it is 64*4, for the reclaim tubes 
521*1. The high figure for the reclaim tubes indicates the possible 
unreliability of the latter in use. 

Fat Absorption. — This is set out in the accompanying figure (Fig. 14). 

Field Tests. — The black reclaim claw tubes gave an average life of 275 
days, which is excellent. The red tubes became flabby and, wliile giving a 
fair performance, were somewhat inconvenient to use. They were, however, 
practically usable for 150 to 200 days. The controls in these experiments 
had lives of 166 days (make B) and 86 days (make A). " 


Life 

(Hours). 
63- 1 
43-2 
54*3 
37-6 
77-9 
710 
371 
120 
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The reclaim claw tubes have generally given a good performance and, 
apart from their roughness, are apparently as good as or better than the 
usual rubber. 

It should be noted that all tubes used in these experiments are of standard 
dimensions (N.Z.S.S. E.74). 

Milk and air tubes have also been put into use made of the partly reclaim 
rubbers described above. These have so far lasted for two seasons satis- 
factorily and are apparently not markedly inferior to the controls. 

It may be concluded that whole-tire reclaim can be used to replace 
one-third of the raw rubber in milking-machine tubing. 

Experiment S : The Use of Carbon-black Stocks for Claw Tubing 

Three types of carbon-black claw tube have been tried. Their bending 
lives and otW properties are set out below. In all cases the controls for 
the bending tests are of the same make. All tubes are of standard 
dimensions (N.Z.S.S. E.74). 


Make D : — 

No. 

Life. 

(Hours). 

Controls . . 

l 

53*3 


2 

46-2 


3 

77*4 


4 

60-3 

Carbon black 

1 

199-4 


2 

greater than 287-3 (1,00(),(K)0 bends). 


o 

4 

162-4 

The mean difference (taking the 

maximum life at 287 = 174*8. 

Standard deviation = 62*5. 

The diflfeyence between the groups is highly 

significant (P = 1 per cent.). 




Make B : Bending Test and Eat Absorption : — 


— 

No. 

Life (Hours). 

i 

1 

Fat Absorption (45°) 
after Twon^-four Hours 
(per Cent.). 

Shore 

, Hardness. 

Shore 

Elasticity. 

Control 

1 

26-6 

13-68 

61 

93 


2 

4-8 

13-47 



Carbon black 

1 

Greater than 287*3 

23*66 

32 

90 


2 

» 

22-00 




The carbon-black stocks in this case, though excellent for bend resistance, 
have too high a fat absorption and too low a hardness number to be 
satisfactory in practice. 


Make A : Bending Testy Fat Absorption y <&c , : — 



No. 

Life (Hours). 

Fat Absorption (45°) after 
Twenty*four Hours 
(per Cent.) 

Shore 

Hardness, j 

j 

Shore 

Elasticity. 

Control 

1 

64*9 

8-99 

67 .i 

73 


2 

66-9 

8-97 



Carbon black 

> 1 

351*4 

11*82 

67 

87 


2 

360*6 

i ■ , 

11-60 
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These carbon-black tubes have good fat-resisting properties, though 
not as good as the controls, which are excellent. The hardness and elasticity 
are similar to the controls, while the bending resistance is outstanding. 
Both samples bent well over one million times before breaking down. 

Field Tests , — The field-test results for the carbon- black claw tubes are 
not complete at the time of writing owing to the extraordinarily long life 
of one of the sets of tubes. Make A carbon- black claw tubes have been in 
use for one year on two farms and the rubber shows no surface cracks. It 
has developed a shiny surfacy which cleans well. In fact, this ty})e of claw 
tube is much better than any other tyj>e tested in all respects. Make D 



Pig, 14. — Fat-absorption ourves for — (1) make A black reclaim — ooiitaiuing rubber; 
(*2) make A reel reclaim — containing rubber. 


carbon-black tubes have given a field performance which is better than the 
controls. In fact, the samples, while badly cracked, are still in use at the 
time of writing after a season’s use. Make B carbon-black tubes after use 
for some three months showed signs of cracking. Their p^»rformance is 
therefore not as satisfactory as good normal rubber. 

The results indicate that where the hardness of a carbon- black stock 
is increased sufficiently to give it good fat resistance, its excellent bend- 
resisting properties make it an ideal rubber for claw tubing. Its well-known 
ability to resist outs and knocks is also valuable, and the development of the 
shiny surface is very importj.nt from the point of view of cleanliness. 
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Some Miscellaneous Tests 

’ A Test for the Collapsihility of Rubber Tubimy 

The instrument consists of two in. tubes fixed to a base so that the 
ends are 6 in. apart, and one is pivoted so that it moves about an arc whose 
centre is midway between the ends. One tube is blocked, while the other 
is connected to a source of vacuum. The movement of one tube with respect 
to the other is measured in degrees on a circular scale and the result expressed 
in the angle through which the tube is bent before it kinks. In most cases 
the kinking occurs quite suddenly. 


The following results illustrate the variation of this property. The 
. tests were done at a 25 in. vacuum : — 




1 Collapse Angle (Degrees). 

Type. 

No. 



. 



Clockwise. 

Anti-clock wise. 

Claw tube . . 

1* 

7b 

76 


2* 

1 64 

55 


3* 

! 70 

70 


4 

1 

95 



Average. 

Air-tube . . 

1 

72 


2* 

59 

Milk-tube . . 

1 

58 


2* 

40 


Those marked with an asterisk would be regarded as unsatisfactory. 
Where there is a marked difference between the two readings, the wall 
thickness is not uniform. 


The test, though empirical, is quite useful. 

Geer-oven Tests 

The following are the results of a ten-day ageing test in the Geer oven at 
71^ C. Ring samples, | in. by | in. by in., were used. The actual 
cross-sections were measured in this case with a Vernier microscope and the 
results calculated as pounds per square inch of original cross-section : — 


Make. 

Original Strength 
(fb./sq. In.). 

Final Strength. 

Percentage Change. 

A 

2,796 “ 

*2,786 

0*4 

B 

2,110 

2,152 

913 

56*7 

c ... 

1,601 

30*2 

C -f reclaim 

2,376 

2,044 

14*0 • 

D 

2,220 

1,832 

17-6 

I> (carbon black) 

2,801 

2,345 

16*3 

D (smooth) 

i 

2,030 

1,727 

14*9 


The outstanding performance of make A in this test is the most note- 
worthy feature of the table. Makes B and C dojaot give satisfactory results. 
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Analyses of Typical New Zeahnd Milking Rubberware 

The writer is indebted to the Dominion Analyst for the following 
analyses : — 


No. 

1 

Make. 
.. B. 

1 in. standard straight inflation. 

2 

.. A. 

3 

.. C. 

99 

4 

.. 1). 


6 

.. D. 

Standard claw tube. 

6 

.. A. 

,, 


The samples were examined in accordance with B.S. Specification 
No. 903-1940, “ B.S. Methods of Testing Vulcanized Rubber ” : — 



! 

1. ; 2. 

! 

a. 

4. 5. 

6. 


Per Cent. 

Per C:ent. 

Per Cent. 

Per t'ent. Per Cent. 

Per Cent. 

Acetone extract 

3» 

5-3 

3-8 

3-7 3-3 

3*8 

Chloroform extract 

0-3 

01 

0-5 

0-3 0-5 

01 

Alcoholic potash extract 

0-3 

0*5 

0*5 

0-4 0-3 

0-4 * 

Sulphur in acetone 

119 

0-69 

0-68 

0-27 012 

0 19 

Rubber-combined sulphur . . 

2-89 

2-6() 

2-f)8 

2-37 151 

1-61 

Total fillers 

27*0 

25-5 

20-3 

27-9 41 0 

39-6 

Ash 

22*3 

20-7 

14-3 

27-4 34 1 

40*4 

Zinc oxide 


2-5 


31 3'3 

3-0 

Antimony sulphide (as 8b jS 

8-0 


9-8 



Sulphur in total fillers 

2-08 


3-26 



Rubber content 

67-6 

68*0 

74-4 

67-3 55-0 

56' 1 


N.B, — The rubber content is calculated as follows : Rubber content = 
(100— (acetone extract + chloroform extract + alcoholic potash extract + 
total fillers + rubber-combined sulphur) ) x 1*03. 

Dr. C. 0. Hutton examined samples of the fillers, and reported as follows — 

No, L — Calcium carbonate, quartz, and plagioclase. Maximum grain- 
size, 0*1 mm., but the average is considerably Jess. 

No, 2, — Quartz, feldspar, muscovite, rare glass. Average grain-size, 
approximately 0-03 mm. ; grains up to 0*1 mm. were noted. The 
bulk of the residue is composed of rounded, brown, poorly bire- 
fringent material ; the refractive index is about 1-58. It is not 
possible to identify this material for certain owing to heavy 
pigmentation. However, although the R.I. is somewhat high, 
it is suggested that it is kaolin. 

No, 3, — Quartz, feldspar, and muscovite ; possibly clay. Average 
grain-size, 0*03 mm. 

No, 4, — Quartz, feldspar, muscovite, tourmaline, clinozoisite, glass. 
As in No. 2, the bulk of the residue is composed of the brown 
material, tentatively referred to as kaolinite. Average grain 
size, 0*02 mm. ; rare grains up to 0*1 mm. 

No, 5, — Mainly the brown material, kaolinite (?). Remainder as in 
No. 4. 

No, 6. — ^Almost entirely CaCOa. Average grain-size, 0‘005 mm. A 
minor amount of quartz in grains to 0*1 mm. This material has 
the appearance of Oxford chalk. 
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An Experiment with Composite Tubing 

Samples of milk and air tubing were made up with a thin (approximately 
in.) inner layer of normal rubber surrounded by a normal thickness of 
whole- tire reclaim. The milk-tube, which is subjected to washing with 
boiling water and caustic soda, developed trouble due to the inner layer 
separating from the reclaim. The air-tube has been in use for one season 
and is still functioning. Provided that a more satisfactory bonding could 
be effected — e,g,^ by the use of an intermediate type of rubber — this type of 
tube could well be used in an emergency, as it consumes very little raw rubber. 
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